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THE TEACHING MUSEUM 


Our new catalog of Museum Preparations, Skeletons, Life Histo. 
ries and Modeis is made up of items that should be included in a complete 
teaching equipment 





By following the suggestions contained in this catalog, you can, each 
year add to your museum with the knowledge that you are proceeding 
with a definite end in view 


Superintendents and principals can take this catalog as a guide to 
each year’s expenditures 

The new instructor can quickly tell what is on hand, if the out-going 
teacher will leave a checked catalog with the Principal, before he leaves, 
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ed and this system can be followed out to a definite 
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A system 1s esta 
and highly desirable 


Write for the new t g at once and plar ir buying on a budget tem 


General Biological Supply House 


1177 E. 55th St., Chicago, Ill. 
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PREPARATION OF THE GENERAL SCIENCE TEACHER! 
By Oris W. CaLpwe Lu, } & 
Lincoln School, Columbia University, New York City. 

In this synopsis of the teacher training problem as related 
to the course in general science, it is necessary first to summarize 
the present situation with reference to this course. 

I. IS THERE A COMMON UNDERSTANDING AS TO THE PURPOSES OF 
THE COURSE? 

In the earliest stages of the efforts to provide a better intro- 
ductory course there was much confusion regarding the purposes 
which introductory science should accomplish, and consequently 
much confusion as to the subject-matter and methods by which 
purposes should be attained. The first ten or fifteen years of 
experimentation by science teachers resulted, however, in a 
reasonably clear recognition of the objectives of the general 
science course, and these objectives were defined and published 
in 1920 in Bulletin 26 of the U.S. Bureau of Education. 

II. IS THERE A COMMON UNDERSTANDING REGARDING THE GON- 
rENT AND METHOD OF THE COURSE? 

The publication just referred to presented types of subject- 
matter which the committee of forty-seven science teachers 
thought most nearly representative of the best school practices 
at that time. Since the preparation of that report, a later study 
has been made of the common types of content of general science 
courses by a committee of science teachers of which Miss Ada 
L. Weckel was chairman. This report was published in ScHoon 
ScIENCE AND MATHEMATICS in January, 1922. The report is 
extremely important and valuable in that it shows a widely 
recognized common body of subject-matter and of essential 
method in this course. It is evident from the report of Miss 
Weckel’s committee, that the general science course has in the 


1A paper read at the meeting of the Central Association of Science and Mathematics Teact 


ers, Chicag Lx ver 1, 1922 
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main assumed definite form and procedure, and fairly definite 
major aspects of knowledge content. Indeed we may venture 
a word of caution. While we desire a coherent and progressive 
general science course, and favor a clear recognition of the essen- 
tial knowledge content, method of procedure, and educational 
outcome, a refined and fixed syllabus for general science would 
seem likely to lead the course into some of the dangers of severe 
rigidity now causing serious trouble with other high school 
sciences. So far as I know, the only persons who desire such 
refinement and rigidity are those who operate upon or under 
the direction of conventional boards of school examiners. Miss 
Weckel’s study, while showing splendid progress in clearer recog- 
nition of essential content, does not show too great rigidity. 
We merely point to the danger of having general science proceed 
to become as definitely limited in content and method as was 
physics and the biological sciences ten years ago 

Ill. IS THE GENERAL SCIENCE COURSE USED WIDELY ENOUGH 

rO JUSTIFY OUR CONSIDERATIONS OF ITS OWN TEACHING 
PROBLEMS: 

In “School and Society’”’ September 30, 1922. pages 367-371. 
in an article entitled “Science in Wisconsin High Schools,”’ the 
following statement occurs: “It is interesting to note that gen- 
eral science and civic biology are now over 47 per cent of the total 
registrations of pure science for the year 1920-1921.”’ 

In ScHoot Scrence AND Matuematics, February, 1922, in 
Holmquist’s article on “The Biological Science in Minnesota 
High Schools,”’ a table of registration in science is presented. 
It is shown that in 1920-1921, seventy per cent of all the high 
schools reporting in Holmquist’s study were teaching general 
science 

In the University of California High School Journal for July, 
1922 Miss Bailey says 

‘From 1910 to 1915 science lost six per cent of its enrollment; 
figures for 1910 show a marked decrease from 1900; and a sum- 
mary in 1920 shows a further net decrease with only two science 
subjects, general science and chemistry, registering any gains.” 

Studies made by Earl R. Glenn, but as yet unpublished, add 
important data. Representative states were selected and data 
regarding type cases wert provided by the State school officers 
The states were New York, Pennsylvania, West Virginia, 
Washington, Connecticut, Louisiana and Mississippi. All data 
were in the state reports for the years 1920 or 1921. The table 
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is presented herewith: 


Recent Fieures on Science tn Hiau Scuoors 
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It is significant that in all the States except one reporting upon 
general science, this subject far exceeds, any other in the number 
of pupils studying it. The one exception is New York in which 
biology exceeds general science, and in which the State Depart- 
ment has until recently frowned upon courses in general science. 

It is clear, therefore, that this course has been adopted to 
an extent which must startle those who have been seriously 
studying its teaching difficulties. 

IV. WHO TEACHES THE GENERAL SCIENCE COURSE? 

When, in 1914, Mr. H. W. Josselyn made his exhaustive 
study of the high schools of Kansas, he presented his findings 
regarding teacher assignments. He proved what almost every 
one already thought was true, namely, that approximately half 
of all high school science teachers are teaching subjects other 
than those in which they had their chief preparation. That 
was eight years ago and conditions have changed somewhat 
since then Sut of all sciences, general science seems most 
often to be assigned to ‘“‘just whichever teacher seems most 
available for it.”’ In some of the best schools, the commendable 
plan of allowing the best trained and most experienced teachers 
to teach the introductory course has been adopted. In high 
school as in college and university the best teachers in the insti- 
tution should and sometimes do teach those who are just be- 
ginning their work. In the main, however, general science is 
taught by those who have studied but part of the science fields 
which are touched by the subject matter of the course, and 
sometimes by persons who have studied no science subjects. 
Vv. WHAT OCCURS WHEN GENERAL SCIENCE IS TAUGHT BY PER- 

SONS SOME OF WHOM HAVE NOT PREVIOUSLY STUDIED 

SOME ASPECTS OF THE SUBJECT? 

The difficulty is of the same kind as has long existed and will 
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long endure in other subjects. No science teacher knows fully 
all the aspects of his chief subject. Every forceful teacher is 
constantly gathering new information, constantly adjusting his 
former attainments to meet new situations. The difficulty in 
general science is relative and is not peculiar to it. This diffi- 
culty has often been used as a means of obstruction, instead of 
being met by an intelligent study which might contribute 
to its removal. I have known many general science teachers 
and have seen much teaching of this subject. I have not yet 
seen a teacher fail solely from lack of knowledge of his subject, 
though I have seen persons seriously hampered by this cause, 
I have seen many teachers of limited knowledge earnestly and 
honestly extending their knowledge as they proceeded with 
their classes. Usually it is point of view, industry and teaching 
insight which permit persons of limited knowledge to succeed 
in spite of their limitations. 
VI. MUST TEACHERS CONTINUE TO WORK UNDER THE SUBJECT 
MATTER LIMITATIONS NOW TOO COMMONLY FOUND? 
What are the sources of the trouble? There are not enough 
well-prepared teachers to meet the needs, therefore poorly 
prepared teachers are assigned. Then those, who have had 
adequate college and university opportunities, have narrowed 
and intensified their preparation, without good foundations 
upon which to build. We need to change the types of curri- 
cula now administered for college students of science, and this 
is needed not only for those who are to teach general science, 


nor only for those who are to teach special scien but for 
those who are to engage in later scientific research The pas 
decade has taughi scientific men that few research problems aré 
adequately studied, if the student has the intensive study of 
but one aspect of science as his equipment. The AS warfare 


chemist must study biology: the biologist who studies food 
production must know the chemistry of plant processes and 
the physics of translocation of foods and of their preservation; 
the modern astronomer must know mathematics, physics, 
chemistry and biology; and the scientific student of aeronautics 
must know all the sciences and even then must realize that 
when all are combined they leave him in ignorance of how to 
save his life in certain exigencies. 

In a university class during the summer of 1922, it was found 
that of the 85 students, 50 had taken less than two years of 


science while in high school. In college sixteen had taken less 
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than two years of science, twenty-four had taken between two 
and four years, and sixteen had taken more than four years of 
college science. Fourteen of these 85 students had as yet no 
teaching experiences. The salaries of those members of this 
class who were employed averaged $1,800.00 with an upper 
range reaching $4,000.00. It is clear, therefore, that such a 
group represents better than average science teachers. The 
above statement is presented here partly for its value in infor- 
mation, but primarily as a background for interpretation of a 
report which was prepared by members of this class. As a 
part of regular class procedure one of the class committees 
studied the question “‘What should be the academic and pro- 
fessional training of the high school science teacher?” With 
one exception those appointed on this committee were teachers 
of considerable teaching experience. They were chosen to 
represent different states in order to bring as wide points of 
view as possible. Their report follows: 

Wuat SHOULD BE THE Proper Epvucation or a Hicu Scuoon Science 

TEACHER? 

“This report represents our earnest effort to formulate a course of study 
which would make up the proper education of a science teacher. 

We assumed that three units of high school science had been taken and 
that the prospective science teacher is to have a full four-year college 
course J 

The consensus of the committee opinion is as follows: 

General Education. 
Four years of high school preparation (Typical case). 


English 3 years Latin or modernlanguage 3 years 
Mathematics 2% years History and Civies...........24% years 
Science 3 years Mechanical Drawing and 
Economics lo year Manual Training or 
Household Arts : 1% years 
College Training. 

English 10 hours Mathematics...... ... 6 hours 

Botany 10 hours Chemistry.-. 15 hours 

Zoology... 10 hours Physics... 10 hours 

Geology... 5 hours (Assuming a course in high 

Astronomy 3 hours school physics was taken) 

Hygiene (Including per- General Biology.-. .. 5 hours 
sonal, school, com- General Psychology...... 5 hours 
munity)... ... 3 hours Industrial History.__.. .... 5 hours 

Bacteriology... 3 hours History of Science .......... 3 hours 

Teaching of Physical Teaching of Biological 
Sciences. _- 3 hours Sciences. _- TNS gO 

Sociology and Social Prob- Class Management............ 2 -hours 
lems.. ... 6 hours Observation and Practice 

Physiography.- 3 hours Teaching __................... 5 hours 

Principles of Secondary Intelligence Tests and 

. Edueation— 5 hours Educational Measurements 3 hours 


In addition to this suggested course of study, the members of the com- 
mittee believe the science teacher must have an open mind, ready to accept 
any good and new discoveries or truths. He should be a leader always 
interested to make new discoveries or establish new truths. He should 
be actively interested in research work in science or science teaching, 
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willing and ready to take an active part in any scientific enterprise which 
will be for the betterment of mankind.” 
Committee 


Violet Burns, New York Henrietta Rupp, Pennsylvania 

Lillian M. King, New Jersey C. H. Sehaffer, Ohio 

Blanche Penny, North Carolina Troy Smith, Indiana 

Evelyn M. Pugh, New Jersey C. L. Warner, (Chairman) Penn- 
sylvania 


VI. WHAT COLLEGE ADJUSTMENT WOULD BE NEEDED IF SUCH 
A PLAN AS THIS WERE ADOPTED? 

Obviously this plan would distribute the science student’s 
time over a larger number of departments than is now common. 
Most college departments of science regard those students who 
are primarily interested in the given science, as the future 
cohorts of that science, and, in an academic sense, as the property 
of the department concerned. Usually a large amount of the 
student’s time is required for one department, resulting in his 
essential absence from other departments. This is bad not 
only for the student’s future as a teacher of any science subject, 
but for him as a scientist, if such he is to be. 

Why is it that so many of our best science teachers as well 
as best research men have come from small colleges? No doubt 
many factors should be taken into account, but it seems fairly 
certain that the wider offering of science courses, and the good 
general foundations in several fields of science are essential 
factors in the situation. College departments must change 
their attitudes and their requirements both for the needs of 
teaching and of research. 

VIII. IS THE ARGUMENT OF THIS PAPER ONE FOR LESS SCHOLAR- 
SHIP IN SCIENCE? 

Some persons fear that this question is answered in the 
affirmative. It is not. We need a new definition of scholar- 
ship but no adequate definition is available. We shall not 
quibble about that, but use the term knowing that we have 
a good measure of common interpretation of what is meant. 
More. not less, real knowledge is necessary if general science 
and all the high school sciences are to be properly taught. It 
has been disturbing to hear some advocates of general scieace 
say ‘“‘The subject is so easy that any one can teach it.’’ Or, as 
is said in one text book preface, ‘“No demonstration or laboratory 
work is necessary for this course, if this text book is used.’ 
The book does all the work. These statements cannot be true. 
General science should secure harder work from pupils, if it is 
the more purposeful course it is claimed to be. It should lead 
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to more experimentation and study, not less. Its teachers are 
not to find an easy and unscholarly road to success in science 
teaching, but rather a more exacting and more studious 
endeavor, because more meaningful in the uses which modern 
life and thought is making of science. 


A REPORT ON OBJECTIVES OF GENERAL SCIENCE TEACHING. 
By PHILiPpINnE CRECELIUvS, 
Ben Blewett Junior High School, St. Louis, Mo. 

In order to carry any undertaking to a successful conclusion, 
there must be a definite purpose to impel it onward, and a fixed 
goal toward which it may be directed. This is as necessary in 
the case of general science as it is of every other subject in the 
curriculum. In the past few years we have heard much about 
how this subject should be taught; that individual laboratory 
methods should be used; that the teacher-demonstration method 
would bring better results than the pupil-demonstration method; 
that a text-book was a necessity; that no text should be used but 
that a series of projects with references to many texts was pref- 
erable, and so on ad infinitum. We have heard just as much 
about what should be taught in the guise of general science. A 
review of a score of general science texts shows a lack of agree- 
ment in this respect, some authors beginning with the home and 
carrying the student forward and outward from that point, 
others believing it more important to organize the material from 
the point of view of the student as a member of the community 
in which he lives, or even from a consideration of his future 
needs in scientific education. The truth of the matter is that 
the following questions have never received answers which we 
could all agree to accept: 

l Why should we teach a general rather than a specific science at all? 

2. What will a study of general science contribute to a child’s educa- 


tion which he can gain through the study of no other subject now in 
the curriculum? 


He is given an education primarily for the purpose of making 
him a socially efficient being so we are told, at least to the extent 
to which this can be done. To accomplish this he must be pre- 
pared to care for himself and to do his part in caring for: those 
less able than himself; he must be taught how to live with his 
fellow-men to their mutual profit; he must be given an apprecia- 
tion of the good and the beautiful things of life; and in him must 
be developed a good ethical character... What part of this.pro- 
gram can be realized through the study of general science must 
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be determined by the objectives which guide the selection of 
subject-matter and the methods to be used in teaching it. Unless 
general science can contribute a distinctly worthwhile share to 
the child’s education, it cannot justify itself in the program of 
studies. With this idea in mind the following study of objec- 
tives was undertaken. 

In 1918 Mr. C. M. Howe of Cincinnati, Ohio, studied this 
problem and published his findings in an article entitled, What 
Eighty Teachers Think as to the Aims and Subject Matter of 
General Science.! Since that time various other studies of the 
same question have been made. During the past summer Mr. 
Charles J. Pieper of the Chicago University High School evalu- 
ated a group of general objectives with the aid of one of his 
classes. The results of that work will be mentioned later. In 
making this investigation I followed a plan similar to that used 
by Mr. Howe. A questionnaire was sent to 250 teachers of gen- 
eral science. The questionnaire consisted of a number of ob- 
jectives which had been used in previous studies, and some which 
had appeared in current magazines or new general science texts. 
I am indebted to Mr. 8S. R. Powers of the University of Minne- 
sota for this list of objectives. The questionnaires were ad- 
dressed to the superintendent of instruction in the city to which 
they were sent, and were accompanied by a personal letter ex- 
plaining the reason for the study and requesting him to distribute 
the questionnaires among the general science teachers of his 
city. I wish to express my appreciation of the splendid way 
in which these requests were received and the prompt and courte- 
ous manner in which they were answered. In many cases the 
superintendent sent me a personal] reply explaining the disposi- 
tion he had made of the questionnaires. Some of them expressed 
themselves as interested in this investigation, and asked for a 
summary of the results. The replies from the teachers were 
equally prompt and showed a professional interest in the subject 
which removed whatever doubts I had had as to the advisa- 
bility of using a questionnaire at all. Of the 250 copies sent out 
118 have been returned. They are still arriving at the rate of 
two or three per week. I have tabulated the results of 78 papers, 
using only those which gave a rank to every one of the objec- 
tives. A number of the teachers said that many of the state- 
ments overlapped and, for this reason, they preferred to group 





See General Science Quarterly, May, 1918. 
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them, ranking the groups. Such replies though useless for gen- 
eral tabulation are valuable in giving weight to the chief ideas 
expressed in each group. The replies used in this report were 
sent by teachers from each of the following states: Colorado, 
Florida, Illinois, Indiana, lowa, Kansas, Kentucky, Michigan, 
Minnesota, Missouri, Nebraska, Ohio, Oklahoma, Tennessee, 
Texas, Wisconsin. I have not included a copy of the question- 
naire in this paper for the objectives listed in it will be mentioned 
in various other ways. The directions asked that the objectives 
be ranked in the order of their importance, that those which the 


Table II 
RANK 


Final Rank | Objective |1!2/)3/4)> 5!6)7/8|9/10)11;12)13)14| x! Score 


| \ 29) 13 6} 9} 5| 71 13) 3 2 256 
2 B 10/12! 8 sl 6 6l1o| 2 8 4 1 2} 1 i 102 
i § D 3} 613/11) 8} 8} 9! 8) 4! 3} 1 2) a) | 1] 442 
1 J 7/13) 9 5| 9 6| 6| 7 |} 412) 3 2| 2 142 
K 7| 8} 5| 9/10) 4/13) 6) 1) 5) 4) 2} 2) 1) 1) 469 
6 8} 2! 5] 8] 7| 6| 5] 8; 9] 9} 7] a] a] a} a) 53t 
7 I >| 7) 6 S10) 3 re 6) 6) 3) 2) 1) 4) 535 
Ss 7| 4 6) 8 1) 5 2110| 7 7110} 6} 3) 2 576 
sv) 7145 6l10| 7| 8 6| 4 2\ 8 6 2} 3} 612 
10 M 1) 1| 7| 2! 1| 2) 5| 2! 8| Zit2\10112) 5) 3) 765° 
73 1] N 1| 6 11 8 | 6 6 | sl 713 | 7 766 
ie 12 H 1} 1} 21 5 7| 4| 4 6/11 5| 9 9/10 1) 734 
13 ( 1 2; 2} 2| 8 3] 4 1 3 2; 4, 4 6/23/13 847. 
14 ; G 1 l 3| 2 4) 6 s| 7 15/13/10 8 sol 


teachers thought not worthy ol any rank be marked with a 
cross, and that any worthy objectives not included be added. 
Practically ho additional objectives were added. Table 1 is to 
be read as follows: the column at the left shows the question- 
naire in its original form; the numbers at the top indicate the 
ranks; the totals at the right show that 78 replies were tabulated; 
the totals at the bottom of each rank column point out the num- 
ber of objectives receiving that rank. These totals vary because 
the teachers were asked to mark with a cross those they did not 
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consider worthwhile. It is interesting to note that C, G, and N 
appear in the X column with the greatest freque! cy In table I] 
the objective 8 arte arranged in the order of their final rar k with 
the total score given each one in the column at the right This 
score was obtained by multiplying the number of frequencies 
in each column by the rank thus giving the highest rank the 


lowest score. For the purpose of obtaining this score it was 


necessary to give the X column a numerical value. 15 was the 
value decided upon. Before drawing any conclusions from the 
evidence presented, I should like to point out the main thought 
or central ide OT ¢ ch objective Bri fly the, are 3 folk ws: 

| \—H 

2 B Home nd mmunity omiort 

o> 1) ( zenship 

. a Citizenshiy 

> ly scient i bale 

6 L \ppre atic 

— kxpl t 

S I—Informatik 

J lransfe1 Lue 

LO M Stim | n ol ere 

1] N Lite il erp! it 

12 H—lInforn 

3 ( kKixp!l ! 

14 G Ap 

It is significant that the objectives ranked first | it wide 


margin is the one which occupies the same position among the 
ob}é ctives of all secondary education as outlined in the Cardinal 
Principles of Education’. Civic education through the teaching 
of gen¢ ral science is next in Importance, even prec ding training 
in scientific practice and pure information, both of which have 
heen col sidered of prin importance in the past Exploration 
for educational and vocational guidance is thought worthwhile, 
the expl ration for its own sake seems to find little favo1 The 
disciplinary value of general science is not ranked first by any- 
one even though it is considered favorably enough to receive 
a rank of 9. No doubt the lack of knowledge we have at pre sent 
of the extent to which specific habits and abilities learned m 
one subject will function in other life situations has influenced 
the ranking of this objective. The position given H surprised 
me. Perhaps many felt that training in general science would 
necessarily correct common superstitions and ignorant practices 
and therefore did not need to be considered seriously among 
the objectives Literary interpretation, the development of a 
spirit of investigation, and the appreciation of the work of ex- 
perts do not receive much favor. Summarizing these results 


*burea f Educati I t 118. N 



















































OF GENERAL 





OBJECTIVES SCIENCE 





we might broadly state the general science objectives to be 


these: 
First—The health of the individual and the community 
Second—Citizenship through an understanding and an appreciation 
of natural laws and their scientific applications to civie problems 
Third- Scientific methods for problem solving 
Fourth—Educational and vocational guidance. 


Fifth—General interest and information. 


Such a grouping ol obj ctives by the teachers actively engaged 
in the work proves that general science has won a place for itself 
in the secondary school curriculum not because it is a science, 
but because it Is a \ aluable means to an end, namely, the educa- 
tion of the child 

In comparing the above ranking with one given to these same 
objectives by Ir. Pieper’s students last summer the amount 
of agreement is striking. Six of the objectives, notably the first 
four, the sixth, and the last occupy the same place in both 
studies, while four of the others vary from this tabulation by 
only one point The o1 ly great difference in opinion seems to 
be in the case of C which here appears thirteenth on the list 
and was ranked fifth by Mr. Pieper’s students. This difference 
is probably due to the variety ol interpretations which are 
possible here. From the replies I received it was clear that some 
of the readers thought that mechanical toys were to be given 
to the pupils to play with in the hope that they would accident- 
ally learn something about machines. Others interpreted ( 
to mean that mechanical toys were to be used in studying ma- 
chines in order to give the subject a sugar coating. Both of 
these groups gave © a low rank, thirteen of the teachers refusing 
to rank it at all 
I should like to conclude this report by naming five objectives 


based upon the results of this study and my own convictions 
on the subject. The following statements, each of which can be 


elaborated as far as n ay be nee ssary to meet spec ific conditio1 s, 
seem to me to be the most valuable 


l. lo acquaint the student with the elementary laws of nature 
necessary for the maintenance of his own and his community’s health 
2 To give the student an understanding and an appreciation of 


natural laws and their scientific applications to civic problems to the 
end that he may become an intelligent citizen 
3. To give the student a comprehensive, general survey of the field 


of science that he may have a broad view of the scientific facts and 
principles which affect his life 

To give the student training in idealsfYand habits of accuracy, 
open-mindedness, and honesty. 

5 To give the student a year of science teaching that will prove to 
be as worthwhile an educative experience for the one who will never 
study science again, as it is for the student who intends te pursue the 
subject for several years 
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SCIENCE AND 
TANGENT STRAIGHT LINES AMONG THE GREEKS. 
By G. A. MILLER, 

University of Illinois, Urbana, Ill. 


The motive for the precise formulation of the heading of this 
note is obvious to those who may have followed the three short 
notes which appeared in recent numbers of this periodical under 
less precise but equally clear headings relating to the same 
general subject. It is equally obvious to such readers that this 
precision is irrelevant to the fundamental subject of said notes, 
and aims simply to evoke an additional smile on the part of those 
readers who may have failed to notice this particular triviality 
in one of these notes. In fairness to this note it should be added 
that the joke is carried further in the present heading than it 
was carried in that note 

The main object of the present note is to follow up the interest 
in the ancient views relating to tangent lines which may possibly 
have been awaked on the part of some readers by the somewhat 
controversial notes to which we have referred. In doing this I 
admit that I am entering into a field of study with which I am 
not very familiar, and my main motive is to be helpful to some 
teachers of elementary geometry who may possibly happen to 
be even less familiar with the particular question to which we 
proceed. Possibly someone who is more familiar therewith 
will be induced by this note to throw additional light on the 
theoretically interesting question to which it relates 

As I understand it teachers of elementary geometry seldom 
direct attention to the fact, noted in Euclid’s Elements, that the 
angle of contact formed by the tangent to a cirele is easily seen 
to be smaller than any rectilinear angle if we assume that all 
rectilinear angles obey the Archimedian postulate. Not only 1s 
this angle smaller than any such rectilinear angle but we may 
multiply it by an infinitely large number and still get an angle 
which is less than any such rectilinear angle. In other words, 
we have here a magnitude which does not obey the Archimedian 
postulate, which has been so commonly assumed in the develop- 
ment of mathematics to simplify the treatment of a difficult 
but useful subject 

These facts might not interest the average high school student 
but it is likely that if the students’ attention were called to them 
in passing there would be one now and then who would become 
deeply interested in them. This is especially true where students 
have mathematical clubs in which they can discuss m greatet! 
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details questions for whose consideration it seems unwise to 
use much of the class period. In Euclid’s Elements there is no 
discussion of the actually infinitely small angle of contact but the 
reference to it is significant. The teacher who is a true scholar 
will frequently make a remark in passing which will not take root 
in more than one mind out of a hundred but even then it is worth 
while. 

A knowledge of the nature of ordinary infinitely small mag- 
nitudes is incomparatively more important to the student than 
that of actually infinitely small magnitudes, but those who are 
inclined to meditate on the nature of the postulates of elementary 
geometry will find a study of the latter also very illuminating. 
To such students the history of the common but very instructive 
historical figure formed by the distinct circles which are tangent 
to the same line at the same point and lie on the same side of this 
line will always be interesting. All of these circles cut their 
common diameter at right angles but no two of the right angles 
formed at their common point appear to be actually equal since 
they have one side in common while all the other sides are dis- 
tinct. The sum of the infinite number of difference angles 
which may be thus constructed is, however, less than any rec- 
tilinear angle according to the theorem in Euclid’s Elements to 
which we referred above. 

From the fact that an infinite number of different circular 
ares can be drawn such that each is perpendicular to the same 
straight line at the same point it might appear natural to: assune 
that it should be possible to draw an infinite number of different 
straight lines such that each of them is perpendicular to the same 
straight line at the same point. In fact, one might be inclined 
to question the possibility of drawing a smaller angle by means 
of a straight line and a circular are than can be constructed by 
means of two straight lines even if this possibility results from 
the assumptions made by Euclid. 

As an instance of the theoretic difficulty into which these 
assumptions may lead the student it may be noted that it is 
customary to assume that the angle which two curves which 
have a point in common make with each other is equal to the 
angle made by their tangents at this point. According to this 
definition the infinite number of circles noted above make no 
angle with each other and yet no two of them have more than 
one point in common. Those who are interested in the extensive 
history of this difficulty will find a useful outline thereof on page 
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39 of volume a. The T} feen Bool s of Euclid’s iD I ments Dy -_ A 
Heath, 1908. 

The fact that Euclid referred only once in his Elements to 
the smallness of the angle of contact and then only briefly seems 
to me to exhibit clearly how such semi-philosophical questions 
should be treated 1] our te aching. They should not be ¢ | tirely 
overlooked but they should also not be allowed to absorb much 
of our attention while teaching. The difficulties which the 
ancients encountered in the treatment of tangents to curves 
must, however, be understood before one can fully appreciate 
their efforts in this direction and the historical references thereto. 

The fact that we do not stress some of these difficulties now 
and that Euclid did not stress them illustrate a principle of greaf 
importance in the development of our subject. The object ot 
mathematics is not only to solve difficulties which we encounter 
but also to discover ways of avoiding some of them. The abso- 
lutely infinitely large and the absolutely infinitely small confront 
the mathematicians frequently and confronted them early, but 
it ‘is very interesting to note how the difficulties raised thereby 
were usually avoided and can now be usually avoided. The 


potentially infinitely large and the potentially infinitely small, 


on the other hand, are so very important that they should not 


be avoided even when they present themselves early in the 


student’s career. They furnish the basis of the very useful 


subject known as the calculus and are most fruitful concepts m 


the student’s intellectual development 


MOSLEM CUSTOMS AMONG COPTS. 


It is not always « he new-comer to Egypt t listinguis} 
between Copts and Mohammedans among the laymen The everyday 
customs and costumes of the Moslems have spread throughout all classes 
Many of the Coptic women wear the characteristic face veil prescribed 
for Mohammedan wome! hough where Western mission activity is 
strongest, the custom is passing. The men, when they are reasonably well 


dressed, wear the flowing garments introduced by the Arabs; and all speak 


Arabic. In their far y life the Copts are consistent monogamists, 
while theoretically at ieast Lne Mohan medan | gyptian ma have as 
many as four wives. One striking difference is in the matter of divorce 
It is difficult among the Copts, but the easiest of formalities among the 


Moslems. Some writers assert tha 
tion which Mohammedan ease of divorce constituted, that many Copts 
afte r the Moslk m cor quest 


t it was because of the constant tempta- 


embraced the new religion soor 
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TEACHING THE FUNDAMENTAL QUANTITATIVE PRINCI- 
PLES OF ELEMENTARY CHEMISTRY. 
By Howarp W. ApDaAms, 
Illinois State Normal University, 
Normal, Ill. 

The half century beginning with 1770 was the time when the 
foundations of modern chemistry were laid. Turing these years 
there appeared those principles of a quanti.ative nature which 
lie at the basis of chemistry as an exact scien Ge 

Lavoisier, 1770, using a balance, began work on the nature of 
combustion which led to the law of conservation of matter. In 
1792 appeared Richter’s law of combining weights. But because 
Richter’s mind was confused with the phlogiston theory, it was 
necessary that the law be announced anew later by Proust, 
Dalton and Berzelius. Proust, 1799, began his famous contro- 
versy with Berthollet which resulted in the triumph of the for- 
mer’s idea of constant composition of pure compounds, and SO 
the law of constant composition appeared. At about the same 
time Dalton announced the law of multiple proportion and in the — 
first years of the new century stated his atomic theory, publishing 
the first table of atomic weights in 1805. This was revised in 
1SOS 

Gay-Lussac, 1805, announced his law of combining volumes of 
gases and thus placed in the hands of investigators a valuable 
means of determining combining weights. Berzelius, 1807, 
began his brilliant career developing Dalton’s atomic theory, 
determining atomic weights, and laying the foundations of 
analytical chemistry ferzelius also devised the system of 
chemical nomenclature and notation universally used today 

Avogadro, 1811, announced his famous assumption regarding 
the relative number of molecules of gas in equal volumes. In 
1815 Prout’s hypothesis appeared, to be rejected by chemists 
for a century until in a new setting it again commands attention. 
Dulong and Petit, 1819, propost d their law of atomic heats so 
useful in atomic weight determinations. 

The mere cataloging of these discoveries of this half century is 
enough to convince one of the wonderful work started at that 
time. As teachers of elementary chemistry we may well ask 
ourselves: ‘‘What is our responsibility toward Your students 
regarding instruction in these matters*fundamental to chemical 
science ?”’ 


iRead before the str sect the Hich S rol ¢ er 4 the University 
Illinois with filiated achools t Urbana, November 24 
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SCHOOL SCIENCE 
It is the opinion of the writer that present day instruction in 
high school chemistry is dwelling more on the descriptive phases 
of the science while the fundamental principles mentioned above 
receive relatively less attention than they did ten or fifteen years 
ago. If this belief is well founded, then we may ask ourselves 
whether these fundamentals may be neglected without serious 
injury. 

In the first place let it be clearly understood that it is not 
expected that the student of elementary chemistry, whether 
high school or college, shall attempt to re-disecover the laws of 
chemical combination. The most he can do is to get a clear 
understanding of their meaning and their relation to the science. 
Nor are the laws, as we have them, to be considered the ultimate 
attainable knowledge of chemical combination, but rather state- 
ments of the present day knowledge of such behavior 

Landolt spent a great deal of time on his critical study of the 
law of conservation of matter and was able to verify it to the 
extent of an error of | part im 10,000,000. Stas, Richards and 
Morley have done extensive critical work on the law of constant 
composition, the last named worker spending the best years of 
his life on the task. Surely we cannot expect our students to 
reproduce their work, yet the elementary student need not go 
through his first course in chemistry without actually under- 
standing the formation of a compound and determining its com- 
position with a reasonable degree of accuracy. The elements, 
iron and sulfur, both colored solids, lend themselves admirably 
to a quantitative synthesis of a compound, ferrous sulfid, and the 
student should not be denied the experience. The aim is not to 
prove either the law of conservation of matter, nor yet the law of 
definite composition, but rather, to acquaint the student with the 
methods of a quantitative synthesis. If lack of equipment 
makes it impossible for each student to do the work individu- 
ally or in pairs, it may be carried out as a class exercise by the 
teacher. 

A porcelain crucible and lid are weighed to milligrams if possi- 
ble, otherwise to centigrams. Then about 500 milligrams of 
clean, powdered iron are placed in the crucible and the crucible 
and contents are again weighed. Next an excess of sulfur is 
placed in the crucible with the iron and, without again weighing 
the mixture is heated in the covered crucible thereby permitting 
the iron and sulfur to unite forming ferrous sulfid while the 


excess sulfur is volatilized from the crucible, still covered, by 
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increasing the heat to the best temperature attainable with the 
Bunsen flame. After cooling and weighing the crucible and con- 
tents, they are again strongly heated and weighed to see that 
constant weight has been reached. At this point the weight of 
iron used, of ferrous sulfid formed, and of sulfur consumed are 
calculated as well as the percentage of each element present in 
the compound. Such exercises clearly reveal to the student 
some of the methods of quantitative chemistry, as well as teach 
him the method of finding the composition of a compound. 

Other compounds than ferrous sulfid may be synthesized from 
their elements by the teacher without consuming an undue 
amount of time, and yet at the same time giving the student a 
clearer insight into the quantitative nature of chemical reaction. 
The well-known experiment of burning, in air, a weighed quan- 
tity of magnesium, producing magnesium oxid, needs but be 
mentioned. Possible less frequently used are the methods of 
converting a weighed amount of tin into the dioxid by means of 
nitric acid, subsequently heating strongly to dehydrate the 
metastannic acid. This leaves the dioxid. Still another method 
is that of causing a weighed quantity of copper to react with 
nitric acid thus forming the nitrate, which after evaporation 
to dryness on a water bath is converted into the oxid by careful 
heating. This exercise may be carried out in a 250 ce Pyrex 
beaker. In each case students should calculate the weights of 
metal and oxygen combining and the percentage composition 
of the compounds. 

Out of these experiments arises a use quite exceeding that of 
determining the composition of the compounds, namely, the 
calculation of the equivalent weights of the elements magnesium, 
copper and tin taking 8 grams of oxygen as the basis. These 
oxids may be supplemented by others not determined experi- 
mentally but given by the teacher, in each case the percentage 
composition of the compound being given. In this connection 
other equivalents are determined by the method of evolving 
hydrogen from acid solutions using, perhaps, zinc, magnesium 
and aluminum. These methods are too well-known to require 
description here. 

Thus far the work should impress the student with the idea 
that chemical elements are not equivalent to each other gram 
for gram and pound for pound, but rather, that each element 
has its individual equivalent weight with which it enters into 
chemical compounds. If the teacher has chosen a great enough 
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variety of compounds whose percentage compositions are known 
it will appear that some elements have two equivalent weights. 

Now, two very important matters present themselves, one the 

law of multiple proportion, the other the determination of the 
atomic weight of the element from the equivalent weight. May 
the law of multiple proportion be considered first. Many teachers 
seem to think that formulas are necessary in order to teach the 
law of multiple proportion. Such is not the case; in fact, the use 
of formulas may lead to an utter misunderstanding of the law. 
Suppose the list of oxids included those of sulfur, the dioxid 
and the trioxid. The first is composed of 50% sulfur and 50°% 
oxygen, while the other has 40% sulfur and 60% oxygen. How 
may these two compounds together be used to illustrate the law 
of multiple proportion? In the first it will be observed that there 
is one part each of sulfur and of oxygen, while the second has 
1.5 parts of oxygen for one part of sulfur. Hence, the sulfur 
being the fixed weight the varying weights of oxygen uniting 
with this fixed weight of sulfur in the two compounds stand to 
each other as 2 and 3, respectively. Or again oxygen may be the 
fixed weight in the two compounds, 1.5 im each case. The vary- 
ing weights of sulfur will stand to each other as 3 and 2, respec- 
tively. Similar illustrations using the two oxids of carbon, the 
two commoner oxids of phosphorus, the oxids of nitrogen and 
the hydrids of carbon will immediately present themselves to 
the resourceful teacher. 

The second important matter alluded to above, the derivation 
of atomic weights, may now be considered. Many times when 
a student wants to know the origin of atomic weights he is put 
off with the answer that this matter will be presented in due 
time, and when the time arrives his interest has lagged and the 
atomic weight determination makes but little impression. The 
student should understand that atomic weights and equivalent 
weights are both kinds of combining weights and that the law 
of combining weights applies to each. In the second place the 
student should understand that atomic weights are “at least 
as good for representing combining weights as equivalent 
weights, and lastly, that atomic weights are a better kind of 
combining weight than equivalent weights” to use the words of 
that dean of American teachers of chemistry, Professor Alex- 
ander Smith. Atomic weights are better than equivalent weights 


because each element has but one atomic weight. while it may 
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have two or more equivalent weights; and furthermore the 
atomic heats of the elements point to the atomic weight as a 
true number of nature. 

This is where the Dulong-Petit rule finds its use in teaching 
elementary chemistry. This will tell us whether the equivalent 
weight of the element is also the atomic weight or whether the 
atomic weight needs to be multiplied by 2, 3 or 4 in order to 
obtain the atomic weight. Of course no one claims that the 
Dulong-Petit rule will give accurate atomic weights but the 
value will be near enough to serve as a guide in calculating the 
atomic weight from the equivalent weight. 

With atomic weights rendered more or less intelligible, the 
way is now open to return to the compounds synthesized, the 
ferrous sulfid, and the tin, copper and sulfur oxids, and teach 
the derivation of formulas. The student should understand 
that this matchless invention of Berzelius, the chemical formula, 
is a device to help him grasp, quickly, the knowledge of the com- 
position of a compound. The formula does not obscure, rather 
it makes meaning clear. 

The derivation of a formula should not be a mechanical 
matter. The student should understand that he is shifting the 
expression of the composition of a compound from a percentage 
basis, i. e., parts per hundred, to an atomic weight basis. That 
is to say: In 63.52 parts of iron found in 100 parts of ferrous 
sulfid there are as many atomic weights of iron as 63.52 contains 
55.84, the atomic weight of iron; while in 36.47 parts of sulfur, 
also found in 100 parts of ferrous sulfid, there are as many atomic 
weights of sulfur as 36.47 contains 32, the atomic weight of sulfur. 
The resulting quotients, then, represent the relative numbers 
of atomic weights of iron and of sulfur, which is a ratio of 1:1. 
Time should be taken right here to impress this matter, for while 
the ratio of iron to sulfur in the compound is as 63.52 to 36.47, 
respectively, or about 1.8 times as much iron as sulfur, yet be- 
cause of the difference in atomic weights of the elements, the 
atomic weight ratio is as 1:1. 

Next comes teaching how to represent one atomic weight of 
iron by the symbol, Fe, which means 55.84 parts, by weight, of 
iron; also the representation of the atomic weight of sulfur by 
the symbol, 8, meaning 32 parts by weight of that element; 
and finally, the formula, FeS, which means that 55.84 parts of 
iron and 32 parts of sulfur have united in making 87.84 parts of 


ferrous sulfid. 
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Students are prone to misinterpret formulas. Their prime 
purpose is to represent the composition of compounds, and if the 
student is permitted to fall into the habit of saying that FeS 
means a compound having equal parts of iron and sulfur, then 
the formula has quite failed to convey the information it is 
intended to carry. Yet when one considers the scant attention 
given in some high school texts in chemistry to the development 
of the formula it is no wonder that the student has no true 
notion of either its origin or its meaning. 

The formula, FeS, does not represent a molecule of the com- 
pound. The same is true of the formulas CuO, SnO, MgO, H.O, 
(as applied to the liquid) and many others that might be men- 
tioned. They do, however, represent, each, a formula weight 
of the compound. Nor does FeS tell us that one atom of iron 
has combined with one atom of sulfur. It merely represents 
that the ratio of the atomic combinations is as 1:1. Similarly 
for the other compounds mentioned. 

Nor does the formula H.O tell us that water is composed of two 
volumes of hydrogen and one volume of oxygen. In fact, water 
is not composed of two gases at all, but rather of two elements, 
hydrogen and oxygen, and when water is decomposed and the 
elements set free they assume the gaseous state having volumes 
of 2 and 1, respectively. The time honored experiment of elec- 
trolyzing diluted sulfuric acid gives information of a qualita- 
tive nature only unless the weights of the evolved gases are 
determined. It has long been the writer’s opinion that this 
overworked experiment is responsible for more misinformation 
about the composition of water than is the text book or the 
teacher. 

In the case of the two formulas, H,O and H.O, students are 
likely to say that hydrogen peroxid contains twice as much oxy- 
gen as water and that the two formulas, taken together, illus- 
trate the law of multiple proportion. As a matter of fact the two 
formulas show that the fraction of oxygen in each compound 
is nearly the same, being 16/18 in the case of water and 16/17 
im the case of hydrogen peroxid, while the fraction of hydrogen 
in the first, 2/18, is a little less than twice that contained in the 
second. 

The gas volume law of Gay-Lussac should next be presented 
This law points ouf the small integer ratio of reacting volumes 
of gases. The often used teacher experiment is that of filling a 
tube with dry hydrogen chlorid gas after which the gas is caused 
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to react with sodium forming hydrogen and sodium chlorid. 
The volume of the hydrogen is then measured. The experiment 
teaches that one volume of hydrogen chlorid produces a half 
volume of hydrogen, but tells nothing about the volume of 
chlorin had it, too, been set free. There is no justification for 
obtaining the chlorin volume by subtracting the hydrogen 
volume from the hydrogen chlorid volume. Neither is there 
justification for saying that hydrogen chlorid is composed of 
one volume each of hydrogen and chlorin. Neither is ammonia 
composed of one volume of nitrogen and three volumes of hydro- 
gen for each two volumes of the gas taken. There is no such 
thing as the volumetric composition of a gas or any kind 
of compound, and the sooner our students can learn that the 
composition of a compound is always expressed gravimetrically 
the less confusion there will be. 

But the law of Gay-Lussac has its proper use as in the relative 
volumes of oxygen and carbon dioxid involved in the combustion 
of carbon, and again in the relative volumes of carbon dioxid 
and carbon monoxid involved in the reduction of the former by 
carbon. These examples have important bearing on the com- 
bustion of fuels which the teacher will not overlook. 

Another quantitative fundamental of elementary chemistry 
is the molecular weight determinations. The use of the so-called 
vapor density method will suffice for the beginner’s course. Here 
use is made of Avogadro’s law, this generalization being at the 
basis of molecular weight determinations by this method. The 
student should be led to see that the standard of molecular 
weight determinations is 32 grams of oxygen. Here is the reason 
for the experiment ‘‘Determination of the Weight of a Liter of 
Oxygen.”’ The manipulation of this exercise requires no com- 
ment here. But having determined the weight of a liter of 
oxygen under standard conditions why not determine the gram 
molecular volume as well? The student may be led to reason 
thus: If 32 grams of oxygen is the standard of molecular weights, 
then 32 grams of oxygen will occupy 32/1.429 or 22.4 liters at 
standard conditions. Then, by Avogadro’s law, 22.4 liters of 
any other gas will contain as many molecules as does this volume 
of oxygen. The determination of the molecular weight of a 
gaseous substance, or one that can be gasified, resolves itself into 
determination of the weight of one liter then of 22.4 liters of the 
gas. It is a good exercise for the student to calculate the mole- 
cular weight of many gases obtaining the weight of a liter of the 


gas from reference tables. 
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In the estimation of the writer we have now compl ted the 
catalog of the fundamental quantitative principles and operations 
of elementary chemistry. To enumerate them again, they 
include the laws of chemical combination, viz.: conservation 
of matter, constant composition, multiple proportion and com- 
bining weight, all of which are gravimetric laws, together with 
Gay-Lussac’s law, a volumetric law, Avogadro’s law and the 
Dulong and Petit rule, while the fundamental operations include 
the quantitative analysis or synthesis of a compound, the de- 
termination of equivalent, atomic and molecular weights, and 
the derivation of emperical and molecular formulas These 
matters were, and are, important in the development of chemical 
science and may also be considered essentials to the under- 
standing of chemistry on the part of the student. These prin- 


nen ical 


ciples and operations, because of the peculiar nature of 
instruction, cannot be taught in one unbroken series of lessons, 
but the teacher must have the whole plan well organized in his 
own mind and he must see clearly how to proceed to its execu- 
tion. Moreover he should know how to find out whether his 
pupils have grasped the content Such tasks command the 
best there isin us. Skillis required. The task is not easy. But 

rt j 


nevertheless. we cannot shirk it and be true to our science and 


our pupils. 


SUPREME COURT UPHOLDS VACCINATION LAW. 


City health officials have authority under the police power of the states 
to require school children to be vaccinated and in so doing are not acting 
in contravention of the ‘‘due process’’ or the ‘‘equal protection” clauses 
of the fourteenth amendment, according to a decision of the Suprem« 
Court of the United States delivered by Mr. Justice Brandeis cn Novem 
ber 13 in the case of Zucht v. King et al., of San Antonio, Tex. Ordi 


nances in that city provide that no child or other person shall attend a 
publie school or other place of education without having first presented 
a certificate of vaccination. Public officials had excluded the plaintiff 
from a publie school because she did not have the required certificate and 

Tins tn tne ae 


had refused to submit to vaccination. They also caused het 
cluded from a private school 


The plaintiff claimed that the ordinances violate the fourteenth amen 
ment, since they deprived her of liberty without due process of law, and 
that as administered they denied equal protection of the laws. The case 
came to the Supreme Court on a Writ of error. Justice Brandeis stated 
that in view of a long line of decisions previously rendered in the Supreme 
Court he could find in the record no question as to the validit f the 
ordinance sufficiently substantial to support the plaintiff's writ of er 


and this writ was accordingly dismissed 
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GEOGRAPHY AS A FUNDAMENTAL FOR ALL SECONDARY 
SCHOOL STUDENTS.’ 


By Dr. J. STANLEY BROWN, 
President, Northern Illinois State Teachers’ College, DeKalb, 
Illinois. 

Any subject whose teaching has to be universally applied to 
a secondary group of young people must have certain universal 
qualities to justify such application. We justify the universal 
requirement of English on the ground that that is a channel of 
expression which must be used by the student throughout his 
entire life. Its use and its application are universal. Certain 
elementary concepts in mathematics apply to all students in the 
secondary field of education. The field of science is somewhat 
different as it is at present organized, from the field of English 


or the field of mathematics The difference lies largely in the 


fact that there is no one subject today that may be called universal 
science The science of physics occupies a distinct and limited 
field; the science of chemistry occupies a distinct and limited 
field, and so wv biology, or human physiology, or astronomy. 
Eartl ence, Which is a more inclusive and much better term 
than geogra] and apparently is a newer concept of the geo- 
graphic content eets the conditions of a universal science much 


more nearly than any other, and hence we may justify its applica- 


? 


tion to all secondary students as the best fundamental at present 


No definition of geography can explain its content, although 


men who write textbooks define it in a very brief space, but the 


content between the lines of definition is far greater and more 
comprehe Hsiveé | fil that content in the line = thems« lve S TI 
very fact that w ill this subject, Earth Science, gives it a most 
inclusive ind t the same time a most exclusive, plac in the 
realm of sei It is inclusive because every science which 
today has been formulated in sufficient measure to receive a 
specific name in a modified way, included in earth science. 
Physics and biology, chemistry and geology, astronomy and 


ethnolog ecology and anatomy, and the long list which might 
be added, share the con plete content of earth science. Earth, 
air, water, climate, soil, drainage, conditions of living and making 
a living, how we e, how we work, what is taking place about us, 
why it is taking place in this particular region, what is-‘going on 


in India, or China, or Japan, why it is happening im that par- 


iRea s Sectior f the Central Association Science ind Mathe- 
matics Teachers at the Hyde Park High Sel Chieago, December 1, 1922 
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ticular section of the globe, are among the subjects whose interest 
enables the inspiring teacher to unfold as it were the mind of the 
inquiring and investigating student of adolescent years. 

Who that has stood on the banks of the Hudson and viewed 
the channel made by the hundreds of thousands of years of that 
stream’s constant work, who that has taken the trip over the 
Denver and Rio Grande from Colorado Springs to Salt Lake 
City, and viewed the Grand Canon, who that has traveled over 
the Western Pacific from San Francisco to Salt Lake City, and 
viewed the matchless and indescribable scenes along that jour- 
ney, can have anything but the highest and most profound 
interest and admiration for geography as an earth science? 

Agriculture waits on the geographer fundamentally, to deter- 
mine for him the rainfall, its time, and its content, to determine 
for him the climatic conditions under which the fruit and the 
vegetable, the cattle and the sheep, and all of these material 
things which tend to enhance and magnify human existence 
may be produced. Earth science is, more largely than all other 
forces the determinator of the location of Pittsburgh, the de- 
terminator of the location and building of Cincinnati, St. Louis, 
and Detroit, Los Angeles, Seattle, Chicago and New Orleans. 
Industry and its development wait upon the geographer or earth 
science man to say where raw materials may be secured best for 
the factory, and where best the factory may be located in order 
to use tothe greatest advantage raw materials. Transportation 
appeals more largely to the earth scientist than to all other 
scientists. The direction of transportation lines, the making 
of new lines, where the lines shall go and why they shall go in 
these particular places, what elements on the way will contribute 
to their going and to their development, apply more largely to 
the earth scientist than to any other. The new type of trans- 
portation which is only opening its door today, air transportation, 
must wait upon the geographer, whose assistant is the meteorolo- 
gist or the weather man Sut who more than the geographer 
makes scientific study of these air currents, and who more than 
the geographer will determine where the air station shall be, 
just as he has determined where the great railroad centers of 
the world shall be? These observations and comments are almost 
without exception universal. They include information which 
is of a universal character. No boy or girl of secondary school 
age should be permitted to leave the secondary school unless 

an opportunity has been given to look into these fields of human 
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knowledge here mentioned, and gain a fundamental interest in 
all of the things so near at hand, so interesting, and so far-reach- 
ing as these subjects are. 

The good-roads movement which has such a large and important 
place in the public mind in many states of the Union, waits very 
largely on the geographer, because to him must be referred the 
climatic conditions, the soil and drainage facilities which are the 
underlying scientific data upon which the construction of per- 
manent good roads will be based. Thus knowledge of this sub- 
ject makes their consideration universal so that every boy or 
girl of secondary school age ought to be familiar with these facts 
The winning of the great war has been claimed by everybody and 
by every organization, but the fact is, the geographer and his 
assistant and coadjutor, the topographer, who made the maps 
preceding the organization of the campaigns, had very much to 
do with determining the success of the army. The contour of 
the country, the places of advantage, the places of protection, 
were all the work of the topographer or the earth science man, 
and hence this kind of universal knowledge ought to have the 
largest place in the early education of the adolescent. 

It is our particular business in the State Teachers’ College at 
DeKalb to train teachers. We get in the student body a selected 
group of high-school graduates from the high schools of northern 
lilinois. These young people are looking forward to teaching, 
and are probably above the average of High School graduates in 
general intelligence. In order to show the necessity of applying 
geographic knowledge to such groups of people looking forward to 
teaching before they come to the institution which trains them, | 
present a few facts touching the lack of geographic knowledge 
on the part of the student who had had no geography before 
entering this institution. A few days ago in a final examination 
the geography instructor asked about the Suez Canal, its loca- 
tion, and its function. I give you an absolutely accurate account 
of their answers. ‘“‘The Suez Canal is situated between the 
Mediterranean Sea and the Caribbean Sea.’’ “It isin Michigan.”’ 
“It is in New York.” “The Suez Canal is between the Red 
and Black Seas.’’ ‘“‘The Suez Canal connects the Nile with the 
ocean at first cataract at Cairo.’’ ‘‘The Suez Canal is in Holland 
and connects Holland with the Zyder Sea.”’ In the second place, 
he asked about the Panama Canal. One answer was, “The 
Panama Canal is a short cut between the area around Calcutta.”’ 
He asked again about the Kiel Canal and the Erie Canal. The 
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following are their answers. “If it were not for the Kiel Canal, 
transportation from the Great Lakes to the St. Lawrence would 
be interrupted by the Niagara Falls. But this canal is located 
to connect Lake Erie and the River.’’ ‘“‘The Kiel Canal joins 
the North Sea and the Black Sea.’’ ‘‘The Kiel Canal is important 
because boats can go from the Black Sea to that waterway, right 
across Germany without going around Denmark.’ ‘The Kiel] 
Canal connects the Rhine River with the sea.’”’ ‘‘The Erie Canal] 
connects Lake Erie and Lake Ontario.” I think I never had so 
much information about the Kiel Canal as these young people 
seem to possess. Chen, too, their notions of the location of 
Cineimnati, of Pittsburgh, of Niagara Falls, of the Rhine {iver, 
etc., are indescribable evidences to me that these young people 
ought to have had a good, wholesome training of at least one 


year, five times a week, in the subject of geography, or rather, 
earth science. 

There are manv ouner reasons beyond the limits of this paper 
to give for believing that geography is the best fundamental 
science to be given students of secondary school age early in 


the course, but we believe that among the hest reasons are the 
following 
| It trains in a kind of alion which is unlimite because it 


ippeals to almost every science whose material has been organized and 
classified, and is not limited to the understanding of the elementary 
material of any one sciences 

2. It gives a keen and well defined appreciation of location and 
distance, of climatic conditions, of the production of different localities, 


of the topography of different countries, of trade and commercial routes, 


all of these involving information of a universal character, and such 
as will affect not on! their scientific knowledge, but their knowledge 
of the every-day facts of life 

the student the map habit with all which that involves. 


> 


3 [It begets in 
At the same time it provides for the correlation of definite subject-matter 
with other subjects of the curriculum, history, civies, agriculture, ete 

t It gives an understanding and power of interpretation, and a 
real ability to appreciate travel through this country or through other 
countries All of these things depend largely upon geographic factors 


analyzed and understood 
5 It anables the student in these earlier vears to have a fundame ntal 
interest in our 7) trial development, and it provides for an early 


conception of fundamental principles on which must be built the industry 


of any nation 
It e, helpful, entif 1y, a broad ba upon 


6 secures in f . p ( ly, I 
which may be built all the scientific training which is to follow 
7 It cultivates in the individual subjected to tl training for one 


year, the power to deve vendent yudqment, touching the life 


immediately about him This power 18 then available for use in all 
succeeding work 

5 It presents im usable form, easily interpreted, commeé al, 
nomic, and industrial information of such kind as ma be easily made 
a pe rmanent four dation for future growth and development 

For these and many other reasons, we believe that geograpn ought 


to stand as a foundation for all secondary school students 
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WHAT MAY REASONABLY BE EXPECTED OF A HIGH SCHOOL 
TEACHER OF GEOGRAPHY. 
By V. lL. Brown, 
High School,’ Watseka, Ill. 

Before we may determine what we may reasonably expect of 
any teacher, it is necessary that we know two things; first, the 
conditions under which the teacher works; and second, some- 
thing of the teacher herself. Unfortunately, accurate informa- 
tion on these points is difficult to obtain as no one seems to have 
made a careful study of either. Nevertheless, there are some 
few conditions which seem to be generally admitted without 
contradiction. Geography in the elementary schools is usually 
begun in the fourth grade and discontinued (not completed) 
in the seventh grade. Perhaps six per cent of the recitation 
hours of the elementary school pupil is given to this important 
subject. In Illinois twenty to thirty per cent of the secondary 
schools do not offer the subject at all. When offered it is almost 
uniformly a one-semester elective, and may be placed anywhere 
from Freshman to Senior year, inclusive. No data on the num- 
ber of pupils taking the subject seems available in this state, 
but Miss Elizabeth Dunbar found that “of all schools in the State 
of New York having over one thousand pupils (only) five per 
cent of the total enrollment are in Geography classes.’’ Mr. 
Flemin Cox, in 1918, found that geography in Illinois was being 
taught in almost every possible combination with other sub- 
jects.2, Some of the more incongruous of these combination- 
subjects were Latin, French, military drill, spelling, penmanship, 
domestic science, manual training, stenography, and typewriting. 
Perhaps Illinois is behind her sister states in recognition of the 
worth of this subject, but there is no evidence that conditions 
are markedly better in other states. Professor Whitbeck, of the 
University of Wisconsin, in 1914, declared that ninety per cent 
of the students who enter Normal Schools and Colleges are 
deficient in even the elements of general geography, and in 
1919, Dr. J. Paule Goode asserted, ““Geography teaching is at a 
low ebb—the pupil goes into his life work with as nearly nothing 
in geographical training as can be imagined.’” 

The late war did something to emphasize the need and in- 
erease the interest in the subject and the increase in the circula- 
tion of the National Geographical Magazine indicates a growing 
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*Proevedings of High School Conference, 1918 
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interest among educated people, but the change has not been go 
pronounced as to give occasion for great hope of future develop- 
ment. Geography has been specialized, industrialized, human- 
ized, vitalized, socialized, visualized, and localized. The net 
result of all which seems to be that it is still in the process of 
being ostracized. 

So much briefly as to the conditions, and now for the teacher. 
Should you have the feeling that this paper is written largely from 
the viewpoint of the smaller high school, I call your attention to 
the fact that the small high school is after all, perhaps, the 
biggest problem in secondary education. Forty-five per cent of 
all secondary pupils in accredited high schools in this state are 
enrolled in high schools of less than five hundred, and twenty 
per cent in high school of less than two hundred. If you exclude 
the city of Chicago, the percents are sixty-five and thirty, re- 
spectively. These figures do not include private and parochial 
schools nor some 350 unaccredited public schools, the latter 
alone enrolling approximately 12,000 pupils. A school of less 
than 500 can hardly employ a special teacher of geography. 
The result is that geography is being taught by a group of teach- 
ers whose chief interest is in other fields, frequently not scien- 
tific. These teachers for the most part are young men and 
women, mostly women, of less than twenty-five years of age 
and having less than three years’ teaching experience To ex- 
pect a broad, social or industrial viewpoint in such young people 
is to expect the unreasonable These conditions are presented 
not to depreciate this most vital and interesting subject, but only 
in an attempt to be fair in our demand upon the teacher! 

What, then, may we reasonably expect of these teachers of 
geography? Let us approach the answer from the negative side 
by first stating what we cannot expect. We cannot expect 
trained geographers as teachers. The demand for trained geo- 
graphers in other lines is sufficient to take all available material. 
With the exception of a few of the large city schools, we cannot 
‘ven expect teachers who are specially trained as geography 
teachers. This is due to two things: first, the fact that geogra- 
phy is taught in connection with other subjects which usually 
require more time and enroll more pupils tends to prevent 
specialization in this subject; second, there are no schools train- 
ing such teachers. Granted that our Normal Schools are offering 
courses tending to prepare such teachers, their graduates are 
not going into our high schools, at least, not until after complet- 
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ing a college or university course. Granted also that our colleges 
and universities offer courses in this subject, these courses are 
not specially adapted to teachers’ needs and the evidence in- 
dieates that those young people who take the courses do not 
become teachers. Of 225 pupils now taking the course in geog- 
raphy at the University of Illinois, only fourteen are majoring 
in the subject, and eleven others list geography as their minor 
subject. Thirty-five expect to teach geography, ‘but ten of these 
expect to teach in high institutions of learning. Under such 
conditions, geography teachers can hardly be expected to select 
and organize subject-matter. This is work for the educational 
architect, not for the novice. The teacher lacks the necessary 
geographical knowledge, the time, and frequently the energy 
to do this work, and even given these, she would usually find 
that subject-matter for selection and organization was not 
available in her school. In 1921-22 “Report of the High School 
Visitor of the University of Illinois” shows that of 84 schools 
enrolling from 200 to 499 pupils, the median number of science 
books available in the high school library was 98. When you 
consider that these books include, in addition to geography, 
all available material in biology, physics, chemistry, agriculture, 
and household arts, and consider the usual ranking placed upon 
these subjects as compared with geography, you get some notion 
of how meagre must be the material pertaining to geography. 
It is reasonable to expect that the teacher’s subject-matter, and 
to some extent her method, are going to be largely determined 
by her text book 

Perhaps you are beginning to wonder if anything is to be de- 
manded of this most essential element of our educational sys- 
tem, the teacher. Even with conditions as discouraging as 
indicated, there are still some few things which we may reason- 
ably expect. Foremost of these, I should say, would be that we 
may reasonably expect the teacher to present some evidence of 
having some preparation in subject-matter other than that 
obtained in elementary and secondary schools. Just at present 
inthis state, acollege or university graduate secures a high school 
certificate without examination. This certificate entitles them 
to teach in the high school without discrimination as to subjects, 
which means that if the teacher can secure a place as a geography 
teacher, she may teach the subject regardless of the fact that 
she may have had no training since leaving the elementary 
school. One would like to feel that the good sense of the 
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teacher, the supervisor, and the school board, wou 
such a condition impossible ; but a somewhat intimat 
of conditions in some schools of the state does not tend 


one that such is the cass 


Much controversy DAs ¢ xisted as to whethe geogr: phy 


physical or a social science Perhaps the answer to 
troversy would be that geography has its basis in physic: 
and its applications ih, SO ial science It would SCC Ft 


then, to ask that the teacher have sufficient training 


I- 


two fields to enable her to intelligently imterpret 


facts. Since she will of necessity be required to teat 
; ; 
subjects it seems reasonabie to ask that she be prepared 
° , 4] ; 7 
classes in one or both of these allied fields. In additi 


text book, the teacher will always have available one ot 
of valuable subject matter, viz., the ‘“‘out-of-door” sur 
her school. It Seems reasonabl to expect her to be } rl 
her geographical knowledge to the explanation o 
nomena of the material world as she may find in her i 
locality. And finally she may reasonably be expects 
familiar with the types of teaching that apply to 
scientific method, journey geography, the proble 
the project, the socialized recitation, and the org 
trip should be more than meaningless phrases to thé 
of geography. This is not great deul to expect ( 
about all that mav reasonably be expect ince 
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REORGANIZATION OF SECONDARY MATHEMATICS’. 
By Dr. J. M. Krnney, Crane Junior College, Chicago 

Need of reorganization. If you were asked by an inquisitive 
pupil having in mind the algebra usually taught in the high 
school, what good comes from its study what answer would 
you give him? It is true that we are not often embarrassed by 
this question because the large majority of pupils find pleasure 
in doing tasks which they are able to accomplish and who feel, 
probably subconsciously, that such tasks are wisely set by their 
teachers or by the system for the purpose of preparing them 
for their life work. 

I have been asked this question. I have replied that algebra 
develops the mind and that it is a stepping-stone to higher 
mathematical studies which are used in carrying on investi- 
gations in many fields of human endeavor. My inquisitive 
pupil might have replied that the second reason has no signifi- 
eance for him since he did not expect to engage in activities 
demanding a great deal of quantitative thinking. He would 
have stated a fact which would have applied also to a large 
number, possibly a majority, of his fellows. He might have 
embarrassed me still more by requesting me to state in some 
detail the way in which the mind is trained, because I would 
not have seen that there is very much training that can be ap- 
plied to the activities in which most of our pupils are engaged. 

My failure to see this is due to the fact that 80 per cent of 
the time of the pupil is spent on merely formal work and the 
remaining twenty per cent is spent in solving so-called verbal 
problems which to a large degree do not raise legitimate mathe- 
matical questions. If a pupil is given nothing but formal 
mathematics his mind will be trained for a further study of that 
sort of mathematics and that only. In order that he may 
obtain a training from a study of algebra which will be effective 
in solving his life problems, it must be seen to that he identifies 
its principles and laws with those of nature and society 

The objection which I have made to the present course in 
algebra may not apply with equal force to geometry. Some- 
thing may be said in favor of a course in formal logic since the 
training which comes from reasoning from definite hypotheses 
to definite conclusions may be transferred, it seems to me, to 
the thinking of the pupil in terms of the social, political and 


tRead before the mathematics sectior the Central Ass ati f Seience ar Mathe 
matics Teachers, December 1, 1922 


























































340 SCHOOL SCIENCE AND MATHEMATICS 





economic life. However, we should not lose sight of the fact 
that the logic of geometry is for the purpose of investigating 
space forms. 

Therefore, on account of the formal character of secondary 
mathematics, a reorganization of its subject-matter is required. 
But there is another reason for reorganization due to the fact 
that reorganization is taking place in the elementary schools. 
Here in Chicago a course has been outlined for the seventh 
and eighth grades which gives a great deal of time to intuitive 
geometry, graphs, and formulas. Like courses have been, and 
are being adopted all over the country. The secondary course 
should, therefore, be modified so as to fit in with this elementary 
course. 

Again, the course in secondary mathematics in this country 


is not organized, it seems to me, for the purpose of reaching ¢ 
definite goal. In the first place the subjects do not form a 
coherent whole and in the second place the topics of algebra 
present little indicated relationship. Topics follow each other 
in a confusion of equations, radicals, exponents, progressicns, 
variation, and logarithms. Should this sort of thing be? Can- 
not a four-year course be arranged for accomplishing a definite 
purpose and cannot the various topics be arranged in some 
orderly fashion so that each shall be illuminated by those that 
precede. Or, shall we take the position that it does not matter 
much as to what topics or orders of topics are presented, just 
so long as they are skillfully taught by an enthusiastic teacher? 

Basts of organization. To my thinking it is just as important 
to have a worthwhile subject matter as it is to have a capable 
and enthusiastic teacher. This subject matter should be chosen 
and arranged in a systematic manner for the purpose of accomp- 
lishing a very definite aim. What shall this aim be? 

The purpose of education is to make of us more efficient 
members of society. Mathematics has a very important place 
in the accomplishment of this purpose. Among other things 
which make for efficiency, it should accomplish the following 
three. 

1. It should prepare the pupil for a business, professional, 
scientific, or technical career, and for citizenship. 

2. It should give the pupil an understanding and apprecia- 
tion of the roll of mathematics in advancing our civilization 

3. It should develop a habit of precise thinking. 

In order to achieve these ends it is not only necessary that the 
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technique of instruction be of a high order but that the subject- 
matter be wisely chosen and organized. I may also add in pass- 
ing that I believe for the purposes of secondary instruction 
one course in mathematics is sufficient. That is to say, we do 
not need one sort of mathematics for technical students and 
another for non-technical. 

The problem before us, then, is that of choosing a coherent 
subject-matter which is at the same time properly organized 
on the basis of the learning process and which will accomplish 
the aims enumerated. 

Subject matter. What material then can be found for build- 
ing such a course in secondary mathematics? It should not be 
material concerned primarily with the theory of equations. 
At the present time we give a year and ahalf or two years to 
a form of algebra which is intended as a preparation for college 
algebra which in turn for the most part is a course in the theory 
of equations. If a pupil is interested in pure mathematies and 
expects to pursue a course in mathematics he may get enough 
good out of the course to pay him for the time spent on it, but 
for a pupil of the rank and file such a course is almost worthless. 

In my opinion, the course which is most profitable to the high 
school pupil is one which, in the first part, contains material 
chosen with regard to a study of the calculus and which, in 
the latter part, employs the methods of the caleulus. Such a 
course would lay great stress upon the notion of relationship 
between quantities and this notion of relationship, or fune- 
tionality, could be used in bringing about coherence between 
the topics. 

I shall now go into some detail to show what this material 
should be and how it may be handled in order that I may not 
be accused of presenting mere “glittering generalities.’’ In 
fact, the material which I am about to suggest for the work of 
the first year was collected and tried out by me in this high 
school (Hyde Park, Chicago) during a period of four years. 

The course opened with practice in translating statements 
in ordinary language expressing quantitative relations into the 
compact shorthand of algebra. Such practice leads the pupil 
in a natural way to the concept of general number. 

These statements were of such a nature that their transla- 
tion led to simple formulas of the linear type y=az. After 
sufficient practice in this work we passed on to the evaluation 


of letters in these formulas. Of course, this work in evaluation 
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led to the solution of equations, but at the same time by vary- 
ing the values given one letter it called attention to the varia- 
tion in the values of the other. This matter of relationship 
between the variables was not forced upon the pupil. In faet, 
in the early part of the course nothing was said about it 

A large amount of concrete material can be used in the con- 
struction and evaluation of formulas of this simple type, and 
also for calling attention to relationships. Thus in particular 
we have from geometry such relations as those existing between 
the circumference of a circle and the diameter, between the 
corresponding sides of similar triangles, and between the sides 
of a right triangle, that is, the trigonometric ratios. From 
mechanics we have the relation between forces on an inclined 
plane, between velocity on an inclined plane and the time, 
between velocity of a falling body and the time, between the 
extension of a rubber cord or spiral spring and the stretching 
force, and the distance between a body moving uniformly an 
the time. From business we have the relation between simple 
interest and the time ard the various percentages relations 
These relations may also be studied by means of tables and es 
pecially by graphs. 

By adding the constant term b to az we get the linear rela- 
tion y = axr+b. This is a relation of common occurence 
Thus the. velocity of a falling body with initial velocity \ 


is V = V,+32t. The length of a rubber cord of original 
length 1, stretched by a force W is 1 lL.+aw The amount 
at simple interest on a sum of money is A p+prt. This 


relation should not onlv be studied through evaluation of th 
letters of the formulas, but by means of tables of corresponding 
values and by graphs 
In the study of all the linear formulas with respect to function 

ality such questions as the following arise. What effect does 
an increase of any number of times in the independent variabk 
have on the dependent variable? How much does the de- 
pendent variable change per unit of change in the independent 
variable? This is, of course, geometrically the slope of the 
line and should be pointed out and stressed. Analytically it 
is the derivative of the dependent variable with respect to the 
independent. The relations indicated by these questions n 
be made to appear concrete and worthwhile to the pupil through 
sew on 100 buttons 


such questions as follows. Is a girl who ea 


per hour just twiee a profitable as one who ean sew on 50 
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buttons per hour? Is a cow that gives an average production 
of 30 pounds of milk per day just three times as profitable as 
one that gives an average production of 10 pounds per day? 
Does a rise in temperature from 10°C to 20°C mean that the 
correspording F reading is doubled? Does the postage on 
parcels directed to a given zone vary as the weight? 

Linear pairs may also be treated from the functional point 
of view. The solution of a linear pair in two variables, if it 
exists, is a pair of numbers which is common to the two sets of 
pairs of numbers which satisfy the respective relations. 
This point of view may be presented concretely in the solutions 
of such problems as the following. 

Two rubber cords, 30 inches and 24 inches long, respectively, 
ure suspended from a horizontal support. The longer cord 
stretches 2 inches for each additional ounce weight hung at its 
end, while the shorter stretches 3 inches. Can you find a weight 
which will stretch them to the same length? If so what will 
this length be? 

The quadratic relations occur frequently. They may be 


studied through the use of such material as areas of squares, 
triangles, circles, surfaces of spheres, gas under pressure, dis- 
tance traveled by a body moving under constant acceleration, 
work, power, sum of an arithmetic series, time of vibration of 
a pendulum, safe load of a rope, work done in stretching a spiral 
spring, the height attained by a projectile directed upward after 
a time ¢, the area of an annulus, and maximum and minimum 
values 

Such questions as the following should be raised frequently. 
How many times would the volume of water delivered by a 
pipe be increased by doubling the diameter of the pipe? How 
many times should the diameter of the pipe be increased to 
double the volume of water? How many times would the 
amount of light through a window be increased by doubling its 
dimensions? Does the area of a square increase by equal 
amounts for unit increase in aside? What effect does an increase 
of pressure on a gas have on its volume? What relation exists 
between varying dimensions of a rectangle if a constant area 
is maintained? 

What must be the shape of a rectangle with given perimeter 
and maximum area? A body is projected vertically upward 
with an initial velocity V°. What is its velocity after ¢ seconds? 
What height has it attained after t seconds? When is it at a 
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height h? When does it reach its maximum height? What 
is the maximum height attained? 

The question concerning the height attained after ¢ seconds 
is a special case of the general problem, viz. Given the rate of 
change of a quantity find the magnitude of the quantity for a 
given value of the independent variable. 

This problem, of course, is one of the two fundamental prob- 
lems of the integral calculus. 

The problem of finding an average rate of change of a fune- 
tion in a short interval should also be considered in this con- 
nection as it leads to the fundamental problem of the differential 
calculus, viz., the finding of an instantaneous rate. LE. g. let 
the pupil be given y = 2°. Let him compute the average rate 
of change in the function z*? from, let us say, x = 3 tox = { 
then from x = 3 to x = 3%; then from z = 3 tox = 3%, ete. 
He should not fail to notice that the average rate is approaching 
a limit which is twice the abscissa. At the same time he should 
see that the secant through points on the curve corresponding 
to pairs of abscissas is approaching the tangent at the point 
whose abscissa is 3 

Let him find the average velocity of a projectile directed 
vertically upward, having given that its height after ¢ seconds 
is, let us say, h = 400 ¢ 16 @#, during the interval between 
5 seconds and 6 seconds, between 5 seconds and 5% seconds, 
etc. In this manner he finds that the instantaneous velocity 
for ¢ = 5 can be approached to any degree of accuracy one 
desires. From the graph he sees that this average rate is the 
slope of the secant through points on the curve corresponding 
to the abscissas of the extremities of the interval. 

The investigations which I have suggested and many others 
of like nature which employ nothing more complicated than the 
linear and quadratic relations may easily occupy the time of 
the pupil during the first year. The questions raised demand 
genuine mathematical thought. There will be little time left 
for juggling with complicated formal expressions, which 
have little or no value, or for solving highly artificial verbal 
problems which raise no questions of genuine mathematical 
interest, such-as the answer known problems, and which in most 
courses in algebra form the larger part of the verbal problems. 

To those of you who have not followed such a program this 
course may seem to be a bit strenuous for a first year pupil. 
But it has been my experience that pupils have no more diffi- 
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culty in solving these problems than they have in solving the 
verbal problems. 

The second year should probably be devoted to demonstra- 
tive geometry. Since a considerable bit of geometrical knowl- 
edge will have been gained in the grades and since a large amount 
of material of questionable value may be omitted, the essential 
theorems and problems of both the plane and space could be 
covered. It might be desirable to consider certain space the- 
orems as immediate consequences of plane theorems. 

During this time the pupil should not be permitted to lose 
the technique he has gained during the first year. There are 
numerous formulas to evaluate and ample opportunity for 
observing the relationships between geometric elements; e. g., 
all the theorems on the measurement of angles formed by line 
intersecting or touching a circle may be expressed by the for- 
mula d = 4(a, + a,). 

By holding a,, let us say, fixed and allowing a, to vary, run- 
ning over both positive and negative values, we obtain all the 
special cases, except one, including the cases of the centrai 
angle and parallel secants. 

If x and y are segments of the sides of a triangle measured 
from a vertex and a and b} are the corresponding sides, then 
z/a = y/b isa relation from which the pupil may see that if 
x = '4a, then y = 4b; or if x =a, y = b, that is to say 
the congruency of two triangles with two pairs of equal sides 
and a pair of equal included angles is a special case of similar 
triangles. The formula for the area of the parallelogram, 
viz. A = % ab sin a is useful in seeing that the area of a rec- 
tangle is a special case of the area of the parallelogram in which 
a = 90°, that the area of the square is a special case of the 
rectangle in which a = b, and that the areas of similar parallel- 
ograms are to each other as the squares of homologous sides. 

During his study of geometry the pupil has met several 
examples of limits. He is now ready to pass to the limiting 
value, i. e., the instantaneous rate, which an average rate ap- 
proaches as the interval is indefinitely shortened. It is desir- 
able now to introduce the increment notation. Let us return 
to the function y = 2°. At the time the pupil left his investi- 
gation of the average rate of change in a small interval, which 
included the abscissa 3 as one end value, he was able to find 
the approximate value of the rate for z = 3 by assigning smaller 
and smaller values to the interval. Now give him the delta 
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notation with the graph of the function before him and have 
him derive the relation 
Ay/Azr =6+4+ Ag. 

He can thus see from the graph and from the expression 
6+ Az that the instantaneous rate at the point whose ab- 
seissa is 3 is 6, and that at the point whose abscissa is x the 
instantaneous rate is 2z 

The pupil is now in possession of a notion which he can use 
immediately in solving a large variety of problems in which 
instantaneous rates or maximum and minimum values are 
desired. 

After the pupil has gained facility in finding a rate at which 
a given quantity is changing let him consider the reverse problem 
of finding the magnitude of a quantity given its rate of change. 
The solution of this problem implies, of course, the ability to 
find the function whose derivative is given. The question 
arises in such a problem as that of finding the total distance 
traveled. by a body given that its velocity V ds/dt 32t. 
Miieh interesting material from geometry, physics, mechanics, 
and other sciences, requiring nothing worse than the integration 
of the simple algebraic functions, can be utilized. 

The study of the derivative and the integral which I have 
briefly outlined could probably be accomplished during the first 
semester of the third year. This might be followed by a more 
intensive study of the trigonometric functions as applied to the 


solution of triangles. Along with this study there will be needed 


a working knowledge of logarithms. The introduction of 
logarithms leads to the consideration of the logarithmic and 
exponential furetions. These functions may be studied con- 
cretely in connection with problems from business, physics, 
biology, and other sciences 

The fourth year may be devoted to the essentials of analytical 
geometry, theory of equations, a further study of tngono- 
metric functions including the identities, addition formulas, 
multiple angles, and half angles, series, including the arith- 
metic and geometric series, and the fundamentals of statistical 
methods. 

The methods of the calculus would be employed in the investi- 
gations of these topics wherever such methods could be employed 
to the best advantage. 

The program of the third and fourth years may seem to be 
a bit strenuous, but it is one that is being followed in a number 
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of colleges and universities of this country by students who have 
been brought up on two or two and one half years of the old 
style secondary mathematics. It should, therefore, offer no 
great amount of difficulty to high school students who have 
been given training along the lines I suggested for the first two 
years and who are following this program without a break. 


MATHEMATICAL TRAINING AS AN AID IN: REMOVING 
LIMITATIONS. 


By WittiaAM McCuHesngey MartIn, 
Chairman of the Board of the Federal Reserve Bank of St. Louzs. 

The era we live in is one for the removing of limitations. The 
railroad, steamship, telegraph, cable, telephone, and wireless 
have removed limitations on time and distance. The horse- 
limitation has been removed by the automobile. The surface 
of the sea does not bound the activities of men because there 
is the submarine, and the limitation of earth itself has been 
removed by the airship. Not so long ago woman could not 
vote but today that limitation has been removed. 

It is also a time of election. Society as such cannot do without 
the limitation of laws, but in this time of democracy it is the 
individual that elects the makers of the laws and those who are 
to enforce them. 

This spirit of the age is also seen in the realm of education. 
The tendency is more and more to allow the student to select 
the study that he will pursue, and prescribed courses are be- 
coming more and more a thing of the past. This strange thing, 
however, has developed. A man is not supposed to have sufficient 
judgment to cast a vote for those who are to make laws or to 
govern until he ts twenty-one years of age, but when it comes 
to selecting the training which will best fit the boy to know how 
to cast the vote, age does not seem to be taken into considera- 
tion. Children are getting into the high schools at twelve years 
of age, and these twelve year old minds, with the vast experience 
that goes with twelve years, are taking the training that to them 
seems best Chat one should choose to travel along the easiest 
way is nothing but human nature, and as mathematics requires 
real study, if made elective, it will not be one of the ways chosen. 
The serious aspect of this is that thére is but one school period 
in the life of a man, and a mistake made in it may handicap him 
throughout the rest of his life 
It may be said that this is not fair. The child does make 
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the selections, but acts under the direction of his parents. At 
this time it is doubtful whether this is even theoretically correet, 
but granted that the parents are consulted, it is doubtless true , 
that in the majority of instances after all it is the child that : 
decides. It is one of the glories of our country that it is a land 
of opportunity. And certainly a great number of those who 
enter high schools are the children of parents who had nothing 
more than a grade school education, if, indeed, that much. The 
child has arrived at a point where he has received even more 
schooling than his parents; they are proud of him, and if he has 
done so well then his judgment becomes paramount. The very 
fact that a selection in studies is allowable, that mathematies 
may be omitted, indicates to the parents that those who have 
studied out the school system believe that anything taken will 
result in an education, which term itself is too often construed 
as a diploma rather than adequate training for the life’s work. 
Selection is perhaps a step along the way of progress provided 
it is under the direction of those who know, if, in fact, the wisest 
parents and the wisest children can know. 

I am rather inclined to believe that there are very few cases 
where a man ends in making his living along the lines that either 
he in his dreams thought would be the way, or his parents, wiser 
by experience, thought they would like him to go. It is my 
belief that the majority of men and women come out of high 
school or college without any settled plans for their future vo- 
cations. If the career could be clearly forseen then it might 
be possible to select with certainty. But the career cannot be 
positively foreseen, therefore, it seems to me that in the short 
time that ean be given to schooling, certain studies which have 
been fundamental for many, many years, and have developed 
many men to take up careers when they have decided on them, 
should certainly not be put in the elective class unless the result 
is certain. As I have said before, a mistake made at school can 
handicap a man throughout life. Granted that the average 
boy or girl is not certain of his career until he leaves school, 
then the education should be such as best fits him to follow any 
line that opportunity decrees. 

It should be decided at the outset what the object of training 
is. I do not use the word education for I might be asked to de- 
fine it. Is it merely for the purpose of making a bare living or 
is it to give an opportunity to a girl or boy to develop into an 
executive, become a leader, and in consideration of the higher 
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responsibilities receive the reward of either greater money 01 
higher public regard? In brief, is the training to fit one only to 
serve, eke out a living, or for service which will result in the 
betterment of the community? 

English, of course, one should know in this country in order 
to deal intelligently with his fellows. History is essential in 
order when the greater opportunities come an idea of what to 
do in the future may be gained by a knowledge of what, under 
similar circumstances, has occurred in the past. Arithmetic, 
is, of course, essential in order that a man may make change, 
but it seems that some idea of mathematics higher than arithme- 
tie is essential if a man is to do anything more than make change 
and get the training that shows the conclusive movement from 
cause to effect in no way that is so clearly expressed as in num- 
bers and equations. In my judgment, I also believe that a dead 
language, such as Latin, which has had its influence on our 
civilization for at least a thousand years and has been so con- 
tinuously taught that the methods of its teaching are standard- 
ized, as training is of real benefit. 

There is one thing about mathematics which, it seems to 
me, is often overlooked. It is possible to learn both English and 
history without a teacher, though the way is a hard one, but it 
it well-nigh impossible to get an idea of mathematics unless 
under the direction of one who can explain. This leads to an- 
other thought and that is if mathematics should be made an 
elective study, the day is liable to come when the child who, 
with a training in mathematics, might have developed a brilliant 
career, will have that career closed because he has not been 
taught; in fact, the time may come when because mathematics 
has been made a secondary consideration there will not be 
teachers who can really point the way. The study of mathe- 
matics for teaching purposes is liabile to be neglected. 

But someone says that is all very well about your theory as 
to the general effect of training from mathematics, but I am a 
practical person and would like to know how on earth it can 
help a man who finally becomes a banker, broker, lawyer, doctor, 
president of a railroad, head of a great manufacturing establish- 
ment or wholesale concern. It is very well to say it enables 
such men to become more efficient but how does it really help 
them? Let a banker, for instance, know arithmetic through 
percentage and he is able to make loans and balance his books. 
But banking is something more than bookkeeping. Unless he 
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is the only man in the bank it is essential that he have System, 
and, in my judgment, the man who has had the tr: ining of 
mathematics is better equipped to inaugurate and maintain a 
system than the man who knows nothing of it. It seems to me 
that there is no better training for the mind naturally dis¢ rderly, 
and there are many of them, than a course in mathematics, 
Equations cannot be formed higgledy-piggledy An object 
thrown in the air travels in a parabola, the chain hangs in a 
catenary and calculus enables us to trace the curves 

But there is something even more practical than this trainn g. 
Suppose some great manufacturing concern approaches the bank- 
er for the purpose of borrowing, say a million dollars for an ex- 
tension of the plant. The making of that loan may depend upon 
whether the extension will be profitable. This may depend upon 
whether or not certain engineering improvements can be made. 
When the details are placed before the banker, if he has had 
some training in higher mathematics, he is able to read the en- 
gineer’s report, not with full understanding, perhaps, but he 
gets enough out of it to come to a conclusion. It is perfectly 
true that he can hire some engineer, a specialist, who can tell 
him what he wants to know, but if he has some knowledge of 
stresses and strains and how to culculate them, and other essen- 
tial items, he can read the engineer’s report more intelligently. 
If he can do this he may find an opportunity for constructive 
Suggestions which he ‘an supph on account of his ki owledge 
of finance and the situation, which a man who lacks this training 
never could se 

A customer goes to his broker to inquire about the stock of a 
certain industria] pl int If the broker at some time hss been 
over that plant with the keenness of perception and understand- 
ing of its construction which "e could not have without some 
mathematical training, he can be of more real service to his 
client than if when he saw the establishment it had little more 
meaning to him than a pile of stone and steel. It seems without 
question that a mind mathematically trained can analyze a 
security more rapidly and come to a more accurate conclusion 
than one without such training. A certain five per cent bond, 
interest payable semi-annually, can be purchased say at $95.50. 
It has 19 1-2 years to run. What interest will it yield? Any 
broker, banker or anyone else that has a bond table can answer 
5 3/8 per cent. However, has not that man more power and 
satisfaction who not only knows that by the means of algebra and 
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logarithms the table was prepared, but also has at least a speak- 
ing acquaintance with the mathematical process? 

Some of our very best railroad presidents started in as brake- 
men, but they have spent long years learning by experience the 
effect of the grade on the haul, the necessity of decreasing curva- 
ture in the track and the balancing of cuts and fills. Had they 
had a good mathematical training in the high school and college 
aad started in as brakemen, they would probably have arrived 
at the position of president many years before they actually did. 

It is, of course, true that men arrive at positions of leadership 
without any schooling at all. But let no one get the idea that 
they are uneducated men. The chances are, however, that their 
education is limited to their particular line, and their interests 
bounded by this horizon of training. There is many a man who 
would like to look beyond and cannot. If he had his road to 
travel over again, because he has had experience, the results 
of his selection as to the fuadamental training could be relied 
on and in the majority of instances I do not believe that he would 
overlook mathematics. 

To test this out, during the last week as occasion has offered 
I have asked the question “What do you think of the high school 
or college that does not require mathematics for its diploma or 
degree?’”’ The answer has invariably been that the question 
was foolish because there were no such institutions; that if 
there were, they could not see how they could claim to give 
adequate training; that nothing in the short space of time the 
average man could go to school gave as good, thorough and 
practical training to the mind as mathematics. Two of these 
men happened to be bankers, three lawyers, one an engineer 
and two publishers. Most of them had had more than a grade 
school training. One of them, who had not even been able to 
finish the grade school, though in spite of his handicap he is 
now one of the best educated of men, was especially emphatic 
in regard to the necessity of mathematics. I believe that the 
opinion of such men is worth while. Every one of them had 
achieved success and viewed the matter from the standpoint 
of experi nee and not the standpoint of theory. 

So often I have found men who are able to make a good living 
but have gone as far as they can go, in fact are up against the 
blank wall of their training. Had they had the proper training 
there would be no blank wall. They could be the heads of things 


and know how to make life worth living for others as well as 


themselves. 
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It all gets back to this, what is the traiaing for? If it is just 
to spend a few years in high school and college, or only in high 
school, and then go out and earn wages, then perhaps it is all 
right to let the child select salesmanship, stenography, book- 
keeping or some kindred subject in place of mathematics. It 
Is quite possible that with such a selection the first year they 
go to work they will earn more wages than if they had spent 
that time on a study of mathematics. But unless they do a 
good deal of outside work the chances are that for the rest of 
their lives they will continue to earn only wages. If, however, 
the fundamental training, in which I would include mathe- 
matics, is given, then they can take up these other subjects 
and it will not be long before they will turn wages into salary. 

If the training is for something more than the earning of a 
living, then it seems to m@ that mathematics, as one of the 
fundamentals, is essential. Having had that training a man 
will know how to study, will be in the habit of thoroughly under- 
standing what he reads, because he has not been able to do any- 
thing in mathematics unless he understood it, and so when he 
comes to do his work, whatever it is, will understand how to 
approach it. Due to his training, practically unconsciously, 
he will analyze his duties, use the known elements to formulate 
an equation and then proceed. He will study what is available, 
both thé book and experience of others gained through conver- 
sation, in regard to, say, accountancy, salesmanship, banking, 
manufacturing or wholesaling, whichever line he is in, and be- 
cause he has had the fundamental training will easily master 
the essentials. To begin with, his wages are probably less than 
those of the man that chose stenography, say instead of mathe- 
matics rather than in addition to mathematics, but having the 
ground work, by the time he has studied business as many years 
as he would have to study law or medicine in order to enter the 
profession, with the average ability he should be at a place of 
leadership in his chosen line much quicker than the one, who, 
not having such training, has seen the mistake and filled in the 
gap by arduous work after what should have been his working 
hours. 

In brief, by removing limitations and leaving to an immature 
mind who cannot know certainly what his career will be, the 
selection of those studies which mark the easiest way to gradua- 
tion, the chances are that limitations will be placed on life. We 
have the paradox that by removing limitations we impose lim- 
itations. 


1An address delivered before the Mathematical Club, in St. Louis, February 11, 1922 
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THE TEACHING OF CONSTRUCTION PROBLEMS IN PLANE 
GEOMETRY. 


By Bioyse M. VauGHN, 
Twin Falls, Idaho. 

In reading nearly any book on education or any article in 
current educational publications which attempts to point out 
the weaknesses of the secondary school as judged by the ability 
of the graduates, one finds attention called to the fact that a 
majority of the students who have had the year of plane geometry 
offered in high schools, are unable to do even simple construction 
problems. It is complained that though there are some who are 
exceptionally strong in this phase of the subject, there is a great 
lack of uniformity, the larger part of the students having obtained 
little ability from their study of construction work. 

This criticism is based on facts. An investigation in any high 
school of the students who have had a year of plane geometry 
will show that too few are able to construct a triangle with the 
three sides equal to three given lines, and that a surprisingly 
large number of them have forgotten (if they ever knew) how 
to erect a perpendicular. And, if the investigator believes he 
has an unusually strong group of secondary school students, 
let him try having them construct a right triangle with one acute 
angle equal to a given angle and the hypotenuse equal to a given 
line. 

These are merely illustrations of simple constructions with 
which the student must be thoroughly familiar, if he is to be 
able to do any construction work at all. Such a problem as the 
construction of a circle through a given point lying within a 
given angie, so that the sides of the angle are tangent to the 
circle—this problem would be impossible for one who does not 
have a thorough familiarity with the fundamentals of construc- 
tion, erecting a perpendicular, bisecting an angle, ete. 

Before methods of teaching can be taken to task because of 
failure to provide the student with certain abilities, it must 
first be shown that the abilities in question make a demonstrable 
contribution toward the recognized aims of the school. The 
supporters of plane geometry claim three values for the study 
of the subject: mental development; preparation for more 
advanced work in mathematics, and for the study of other sub- 
jects; and the values realized from direct application in every- 
day life outside the school. The validity of these claims will 
not be made an issue here, more than to say merely that if the 
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study of plane geometry can be justified at all it is upon the basis 


of the values mentioned here. 

We shall pass Ovel the possible value in mental devel pment 
that construction work may have for the individual and con- 
sider the part that the ability to do construction work plays in 
the other two values claimed for the study of the subject. First, 


with reference to the propaedeutie value of the work, it is per- 


4 


haps needless even to state to teachers of mathematics that 
geometric constructions have a considerable value in the study 
of higher mathematics, as well as in the study of other subjects 
such as physics And as for the third value claimed for the sub- 


‘ 


ject, if geometry has any value at all for the individual who is 


not engaged in a mathematical profession, a large part of it 
comes from the ability to make certain simple geometric con- 


structions, such as dividing a line into any number of equal 
parts, constructing a sixty degree angle, or finding the cente1 
of a circle when an are is given, and others of a similar nature. 

Still another reason for emphasizing construction work is 


that the solution of exercises and the proofs of propositions are 


facilitated by the construction of an accurate figure for the 
particular situation. Hence, if the student is weak in construc- 
tion work, he is handicapped in other phases of the subjes 


Let us now turn our attention fron the need for greater empha- 
sis on this phase of plane geomctry, and discuss means of giving 
the student adequate training in this line of worl 


It is a good plan to spend the first ten davs on the m istery 


of the elementary con ruction problems A quite we ithwhile 
and interesting occupation for the first day is learning how to 
draw a circle on paper, and on the blackboard with string and 
crayon. This is followed by study of the two constructi ns of 
a perpendicular, making ! angle ( qual to a given angle bisect- 
ing an angle. and constructing a triangle with the three sides 
equal to three given lin Chese five, with the circle, comprise 
the working basis of the construction work for the entire course, 


all other problems being simply variations or combinations of 


the ones mentions | aho. e TI ere fore —\e . obviously in portant 
that these be learned rathe1 thoroug! ly. Ace uracy should be 


particularly emphasized, both in the actual work of constructing 
the figure. and in the verbal description of the work, which 
should follow in the case of these first few constructions in orde1 
that the process be well learned If the student can put 1nto 


concise terms just what he does in making the figure, he 





clear, 

















TEACHING CONSTRUCTION PROBLEMS 355 
knows the construction, and he will not forget it as quickly as 
if he simply drew the figure without mentally reviewing the 
process to put it into words. 

When work is started on proofs, the student should be en- 
couraged to construct his figures whenever possible. The teacher 
should always use accurate figures when making explanations 
of new or difficult propositions. When the theorem proving 
the congruency of two triangles having two sides and the included 
angle of each respectively equal, is studied, the teacher should 
draw one triangle, then construct a second, making two sides and 
the cluded angle equal to those parts in the first. The students 
may not be able to imitate the construction at that time but 
after having seen the teacher do it a number of times they will 
become familiar enough with it so that it is not difficult for them. 
And so it is with any other construction problem. Incidentally, 
in the case of this particular theorem as well as some others, it 
may help some students to see the need for proof if it is shown 
that some parts of the two triangles were measured while others 
were not 

It is best to make no specific requirement concerning the con- 
struction of figures, but the teacher will do well to call attention 
to good figures from time to time, commenting upon the neatness 
and accuracy of those deserving it. By this means it is possible 
to have practically all the class constructing clear, accurate 
figures in a short time. Thus by daily use of the compass, the 
student gains mastery of the rudiments of construction. 

To provide such training as will make all the class uniformly 
well-grounded in this type of work, the following plan has been 
used with results which justify its use: At a certain time each 
day (the beginning or at the end of the class hour) the teacher 
writes upon the blackboard in clear, concise terms, directions 
for some construction work The problen s should be quite 
simple at nrst gradually involving more difficult combinations 
of the six fundamental constructions. Here is an illustrative 
problem that may properly be given about the tenth week of 
the term 

1. Draw with ruler and protractor, an angle of 37 
inches long 


2. Construct a right triangle having the pce equal to the three- 
inch line, and one acute equal to the 37° angle. 


‘° 


and a line three 


This problem involves three of the fundamental constructions 
mentioned above, namely, the construction of an angle equal 


to a given angle, a line equal to a given line, and dropping a 
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perpendicular to a line from a point not on the line. 

While the students are attempting the problem, the teacher 
should pass among them to find points of difficulty and to make 
suggestions to individuals that need help. When most of the 
students have finished the work, or have found themselves un- 
able to do the work, the teacher should do the work on the 
blackboard, calling attention to any parts of the process that 
seemed to cause difficulty. All the students that have not al- 
ready completed their work satisfactorily should do so after this 
demonstration by the teacher, making themselves thoroughly 
familiar with the construction. The teacher then passes among 
the students once more to make certain that all are able to do 
the work and to give assistance where it is needed 

From five to fifteen minutes can profitably be spent in this 
manner each day for half a year. The resourceful teacher 
will not lack for problems involving different combinations of 
the basic constructions; the sequence is not important after 
the first six, drill on the use of the fundamentals being the 
important thing. Variety will make the work more interesting 

The plan for teaching this phase of plane geometry as here 
suggested is briefly this 

1. Teach the six fundamental constructions at the beginning 
of the course, stressing accuracy both in the work and in the 
written description of the process 

2. Encourage the accurate construction of all] figures used 
in proofs. 

3. Provide daily drill in construction work by means of varied 
problems. 

As has been stated, the abilities of the individual students 
who have had the year of plane geometry, are ordinarily quite 
varied as regards this phase of the subject. The procedure out- 
lined here will do much toward eliminating this lack of uniforn - 
ity, tending to make each student as well prepared in construce- 


tion work as he is in the rest of the work. 


Teachers in Cologne, Duisburg, and Essen, Germany, are reported t 
receive only twenty-three marks an hour for work in continuation schools 
At the prevailing rate of exchange a wage of twenty-three marks an hou 
means about five cents for an eight-hour day 


Beginning with September, 1924, the minimum professional training 
of teachers in secondary schools accredited by the North Central Associa- 
tion of Colleges and Secondary Schools will be fifteen hours in education 

















HIGH SCHOOL PHYSICS 357 


WHY IS HIGH SCHOOL PHYSICS A FAILURE? 
By KenNETH Hart.Ley, 
Cheyenne Mountain High School, Colorado Springs. 

Professor Foley’s article in ScHOOL ScrENCE AND MATHEMATICS 
for October, 1922, is certainly’a severe arraignment of high school 
physics teaching, but it contains nothmg new or surprising, 
merely an unanswerable proof that the condition is fully as bad 
as we had supposed. Since I have been teaching physics I have 
talked with a number of acquaintances who studied physics in 
high school ten to fifteen years ago and, without a single excep- 
tion, they have said that they took the course but did not get 
anything out of it, did not understand it and so did not remember 
it. These were all people who seem to have more than the aver- 
age intelligence, the majority were college graduates. 

I have a somewhat different point of view from that of the 
average high school teacher for I was a bridge engineer until 
failing health made me seek the better climate of Colorado, and 
an opportunity to teach physics and chemistry under very favor- 
able conditions seemed the best work that I could take up. I 
had been out of touch with the schools for a good many years 
and knew that I had a great deal to learn about methods of 
teaching the sciences but when I began to enquire as to what 
methods were considered best I found that nobody knew. I 
read such books as I could find but was told that practical teachers 
did not pay much attention to these theories; they sounded all 
right in the books but would not work. I then found, in various 
educational magazines, articles and reports of addresses by 
prominent men in which current methods were denounced in 
much stronger terms than any outsider would have dared to use 
in criticising our school system. It seemed, to an engineer, sim- 
ply incredible that such incompetence should be tolerated in any 
school and I could not understand how these men, who were 
unquestionably making a failure in their work, should be retained 
in their positions. I then discovered that this condition was not 
limited to the physics classes but that the same sort of criticism 
applied to everything that was taught in school from the begin- 
ning to the end. ( ‘ould it be that all teachers and school officials 
were imposters and hypocrites? I could see a large amount of 
sincere effort being made all around me for the sake of the chil- 
dren and much self-sacrificing devotion on the part of many 
teachers that won my unqualified respect and admiration. I 
found, however, that all the teachers I knew had lived all their 
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lives in school; they went from high school to college and then 
immediately began teaching; they had no knowledge of the 
great world outside of school; they did not know the meaning 
of “efficiency” as it is understood in the industrial world; they 
had no idea of the standards of accomplishment that are essential 
to success in any technical profession; their standards were 
based entirely on precedent and they were satisfied to let their 
students slip by as they themselves had slipped by on some 
subject that did not interest them. The ability to answer a 
certain percentage of formal questions in an examination was 
accepted instead of a real knowledge of the subject and the 
importance of a real knowledge was not emphasized; passing 
tests seemed to be the only object of study. 

Being an outsider these faults were much more apparent to 
me than to one who had lived always in the school atmosphere, 
but I thought that perhaps I could make some improvement in 
my own classes over what had been done before. I first tried 
to find out just what the physics course was supposed to do for 
the student as part of a general education; this was not a tech- 
nical school and we were not training physicists oO! engine rs 
but neither high school teachers nor college professors with whom 
I talked seemed to know why physics should be a part of a gen- 
eral education. The general attitude seemed to be that the 
course was given in all first class schools, it was required for 
admission to some colleges, therefore, if ours was to be a first 
class school, we must five physi s. The old notion that it was 
purely an informational course seemed to prevail and when | 
spoke of the opportunities for intellectual training which a 
physics course afforded this seemed to be a new idea. 

I went through the files of educational magazines for the 
previous ten years to find out what was being done in other 
places and whether any measure of success was being attained 
but this was a slow job and, in the meantime, I had to work out 
my own method as best I could. Istarted with much enthusiasm 
for our school had a reputation far above the average in every 
respect, but I soon found that I had made a serious mistake in 
assuming that the students had some elementary knowledge of 
arithmetic and the first principles of algebra and geometry, also 
that eleventh grade students would be able to read the very 
simple language of our text-book and get a real understanding 
of what it meant. Most of the class were unable to solve the 
simplest numerical problem, not because they did not under- 
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stand the physics of it but because they did not understand 
the arithmetic of it. They had forgotten all about percentage, 
they seemed to know nothing of the decimal system, they could 
neither add, subtract, multiply nor divide and be sure of their 
result, they knew nothing of mensuration, not even how to find 
the area of a rectangle. They could not solve the simplest alge- 
braic equation; in fact, several did not understand what was 
meant by substituting particular values in a formula. They 
knew nothing of ratio and proportion nor of similar triangles. 
The serious fault, however, was that they did not seem to know 
that these mathematical ideas had any connection with reality; 
the expansion of the bridge from 200 feet to 2,000 feet was no 
more absurd than many answers that were handed to me in 
those first months; numbers seemed to have no real meaning to 
them and they gave no thought whatever to the real significance 
of the answer. Only about half the class had received all of their 
preparation in this district; the others were from different parts 
of Colorado and from several other states, both east and west. 

Mere ignorance of mathematical facts might be attributed to 
lack of proper preparation, but these students had completed 
the required courses and had received their credits for algebra and 
geometry. 

One girl said to me after the first test, “I did not know that 
I was so stupid until I got into the physics class.”” She was 
not stupid; she was above the average in intelligence, but in 
all her school experience she had never had to do any real think- 
ing before and she was perfectly sincere in the statement, for 
she realized for the first time that she had never learned to think 
clearly. There was one boy who could repeat every definition, 
rule and formula in the chapters that we had studied, although 
I did not require any memorizing of such things, but he made 
zero on a test which consisted of problems and questions in- 
volving the application of principles. He soon dropped out and 
departed in search of a school where thinking was not required. 

If physics is the first subject that the student encounters 
which requires clear thinking then the physics teacher is con- 
fronted with an impossible task, he is expected to cover in one 
year a greater variety of subject-matter than is included in any 
other course that is given and at the same time give all the 
training that the student should have been getting during the 
ten previous years. The easiest way out of the difficulty is for 
the physics teacher to accept the standard of the arithmetic 
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class and let his students pass for the performance of certain 
required tasks and the memorization of a certain number of 
rules and formulae. This is exactly the kind of work that they 
are accustomed to doing, so they know just how to go at it and 
they will make the necessary grade and get the desired credit 
but will know absolutely nothing of the subject when they get 
through. I am inclined to think that a large proportion of 
the physics teachers have accepted the situation in this way 
some probably had no higher idea in the beginning and others 
have abandoned the struggle to make the physics department en- 
tirely different from the rest of the school. Some, however, 
are making a heroic effort to give the children all that they 
can and they are getting some results but can never hope to 
turn out really well trained students until the entire school 
system is reorganized on the basis of genuine accomplishment. 

When students are not admitted to the algebra class until 
they have a genuine knowledge of arithmetic and are not given 
credit for the algebra course until they have a clear understanding 
of the principles of algebra, when a credit in geometry means 
that the student has some real, usable, comprehension of geo- 
metric facts, then the physics teacher will be able to maintain 
adequate standards of accomplishment in the physics class and 
no one will be given a credit unless he has some real knowledge 
of the subject. 

When it is remembered that these college freshmen have had 
about ten years of mathematics and twelve years of English 
as compared with one year of physics it seems to me that the 
language and mathematics teachers have preater cause for 


disappointment than the science teachers 


PRACTICAL CORRESPONDENCE COURSES FOR TEACHERS. 

To assist teachers in improving their methods of instruction, the North 
Adams (Mass.) Normal School offers twelve professiona! courses by cor- 
respondence, so that teachers in outlying and rural districts are under no 
handicap, but may undertake the lessons as readily as city teachers 
These courses were first prepared for the professional training of young 
teachers, but they have been revised so that they are now of interest to 
experienced teachers, especially those who wish to complete an inter- 


rupted normal-school training or who wish to prepare to teach new sub- 


jects. 
Special attention is given to the problems of the individual teacher, both 


in graded and ungraded classes. Courses inelude such subjects as Ameri- 


ean history, arithmetic, grammar, and geography; sewing, drawing, and 
other handwork; educational psychology and history of education; oral 
language, literature, and hygien \ll the credits gained by correspond- 
ence work are added to those gained by resident work at the normal sehoo! 
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THE IDEA OF ELECTRONS AND MODERN SCIENCE TEACHING. 
By Joun C. HEssirr, 
Knox College, Galesburg, Ill. 

It will be evident to everyone that the scope of the subject, 
as stated, is far beyond the proper limits of this paper; hence the 
writer will confine himself to some of the effects of the electronic 
view upon the problems of Chemical Science. Nor is it necessary 
for such a paper as this to give in detail the experimental work 
which forms the basis of the belief in electrons. The literature, 
and many textbooks, contain ample expositions of this nature. 
Two papers, published recently in ScHoo, ScreENcE AND Martu- 
EMATICS, give excellent, popular summaries of the present state of 
our knowledge of atomic structure, and are of particular interest 
to teachers of Chemistry. These are: “‘A Presentation of the 
Electrical Theory of Valence,”” by W. H. Spurgin, of the Hyde 
Park High School, appearing in the number for March, 1922, 
and the “Atom of the Chemist,’’ written by Professor W. H. 
Rodebush, of the University of Illinois, and published in the 
number of November, 1922. An admirable, recent exposition 
of the physical side of the subject is that of Professor J. C. Me- 
Lennan, of the Physical Laboratory of the University of Toronto, 
given in Science for March 3, 1922. 

The articles named give us some idea of the intellectual and 
philosophic revolution created by the new views of matter which 
have arisen in this generation. What shall those of us who teach 
Chemistry do with these new conceptions? Shall we teach them 
in large doses to beginners? Shall we ignore them? Shall we 
teach them as removing the old landmarks, or as the fulfillment 
of a century of propheey? 

The opening years of the 19th century gave the chemists of 
the time great satisfaction. The 100 years that had passed 
since the propounding of the phlogiston theory had been full of 
triumphs. The seience had been rescued from the doctors of 
medicine by the work of Becher and Stahl, and the common 
gases had been isolated and studied. Then, in the closing quarter 
of the century, the inadequate theory of phlogiston had itself 
yielded, though grudgingly, to the common-sense views of Lavoi- 
sier and his school. The use of the balance and the eudiometer 
had come in, and the weight relations of many of the elements had 
been established by the patient work of Lavoisier, Richter, and 
others. Then came the atomic theory of Dalton, deduced, 1 
must be confessed, by a shrewd intuition, and without adequate 
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support, from” the Laws of Definite and Multiple Proportions. 
Could Dalton but realize into what a maze of speculation he led 
mankind by his assumption that matter is composed of atoms, 
and that combination of simple substances is a combination of 
their atoms! 

Dalton’s numbers were, of course, only combining weights. 
Berzelius’ determinations of the atomic weights of the common 
elements were far more accurate. and opened the way for the 
first unifying arrangement: the Law of Dulong and Petit, accord- 
ing to which the heat capacities of the atoms are practically the 
same, or, to state the law otherwise, about 6.4 calories are re- 
quired to raise the temperature of one gram atomic weight one 
degree centigrade. However, the numbers necessary for the 
success of Dulong and Petit’s Law were often different from the 
accepted atomic weights; so the rule was not considered to have 
much significance for chemistry until an agreement was reached 
regarding the atomic weights. This did not come until about 
1858, when the hypothesis of Avogadro gained reasonably gen- 
eral acceptance, and the distinction between atomic weights 
and molecular weights was appreciated. 

A table. or grouping, of all the elements came quickly after the 
standardization of the methods of determining atomic weights 
The first was the arrangement of Newlands, in 1863. New- 
lands’ Law of Octaves, greatly improved by Mendelejeff and 
Lothar Meyer in 1869, was the first real unification of the diverse 
elements of Chemistry. But what was there to the periodic 
arrangement? Some saw in it a great regularity, with the 
possibility that all the elements might turn out to be compounds 
of a new order; to others it was only a remarkable coincidence 
of some value in aiding the memory, but without any underlying 
unity. Doubtless the periodic grouping would have been of 
only passing interest if it had not been for the bold assurance of 
Mendelejeff in predicting the properties of the elements that 
belonged in his blank spaces. The discovery of gallium, scan 
dium, and germanium filled chemical philosophers with enthu- 
siasm; for it seemed to establish the unifying arrangement of the 
elements beyond the possibility of gain-saying. The discovery 
of the rare gases introduced a whole new family into the group- 
ing, but it also introduced another exception: the atomic weight 
of argon could not be made less than that of potassium, even 
though men greatly desired it, much as they desired to find the 
atomic weight of tellurium less than that of iodine, but could not 
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Then there was the long list of the rare elements which could 
not be fitted into the table at all. The discrepancies in the table 
seemed impossible of reconciliation. 

The next contribution to the periodic arrangement came from 
an unexpected source. Laue found that ordinary crystals give 
spectra of X-rays, must as diffraction gratings give spectra of 
light rays. The conclusion he drew was that as the distance 
between the lines of a diffraction grating was of the order of 
a wave length of light, so the distance between the rows of the 
particles in a crystal must be of the order of the wave length 
of X-rays. By allowing the cathode rays of the X-ray tube to 
impinge upon different materials placed upon the anti-cathode, 
Moseley found that X-rays of somewhat different wave lengths 
were produced hese, of course, gave different X-ray spectra. 
The higher the atomic weight, the shorter was the wave length 
of the characteristic X-rays. Thus Moseley was able to arrange 
the elements in a series in the order of their X-ray wave lengths. 
This order was the same as that of the atomic weights, except 
that argon came before potassium and tellurium before iodine; 
and cobalt before nickel. These discrepancies of the periodi¢ 
table thus disappeared. The atomic numbers assigned by Mose- 
ley are whole numbers, beginning with one. Hydrogen is the 
first in the series, as before, and helium is second, lithium third, 
and so on. The atomic weight of an element is roughly twice 
its atomic number. The rare-earth metals, with atomic weights 
72, fit into the series of atomic numbers, although 
Does the 


between 59 and 
they do not fit into the atomic weight arrangement. 
substitution of atomic numbers remove all of our troubles? 
Bancroft calls attention to the fact that the Periodic Law is still 
very much of mystery to us, and that some of the troubles 
still re main 

It is now nearly a generation since a prominent chemist made 
the facetious remark that ions were like a certain popular remedy, 
and that children cried for them. We wonder what he was 


moved to remal coneerning electrons; for they are certainly 
| 


having their day. All the world knows the story of radium, and 
of its spontaneous giving off of positively charged alpha-rays, 
or atoms of helium; of beta-rays, or negatively charged electrons; 
ind gamma-rays, identical with X-rays. But what the “world,” 
is distinguished from the scientist, has been chiefly interested in 
is that, in its opinion, the study of radium has utterly upset all 


the calculations of the scientist, and has disprov ed the existence 
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of atoms. In an experience of some years the. writer has rarely 
had to consult the morning paper for each sensational new dis- 
covery of atomic disintegration; his business friends were almost 
sure to call it to his attention. Perhaps they wanted the assur- 
ance that the atom was not wholly discredited. At any rate, 
the business man was more disturbed over the possible destruc 
tion of the atom than was the chemist himself. One who has 
been in contact with modern methods of instruction must have 
observed a growing tendency among chemists to “shy’’ away 
from too many dicta regarding the atom. In equations we have 


4s 


specified “atomic weights’’ instead of atoms, and substituted 
“gram-molecular weight’? and “gram-molecular volume” and 
even “gram-atomic weight” for much glib talk about atoms and 
molecules. The truth is that we have shrunk from the idea of 
the atom as the residue of all decomposition, a ne plus ultra of 
the imagination. 

That the atom is complex does not affect the atomic weights in 
any serious way. The new ideas of the atom have only made the 
atom seem more real. It is no longer an indissoluble residue, 
but a unit built up in a regular way. Furthermore, the relative 
weights of the atoms are capable of a more or less reasonable 
interpretation, and the valences of atoms are more than conven- 
ient aids to memory in the construction of formulas. Even the 
assumption that there are isotopes, or elements with more than 
one atomic weight, does not really shake the Law of Definite 
Proportions; it only amends the law to allow a definite number 
for each isotope. 

The atom of Dalton was a very simple unit; that of Ruther- 
ford, Lewis, Langmuir, and Harkins is far from simple. But it 
is in agreement, to some extent at least, with the properties for 
which it is held responsible. The atomic numbers (Table I) 
suggest the real order of the elements according to properties; 
the atomic weights are the relative masses of the atoms. An 
atom has a positively charged nucleus, with 


TALE I, 
Element.. H He Li Gl B C N O F Ne 
Atomic number... | = 3 i- ££. 2-2: @. 
Atomic weight l { 7 9 11 12 4 16 19 2 
Element....... Na Mg Al Si P 8 C A 
Atomic Number ll 12 13 14 #15 16 17 1S 
Atomic Weight...... 23 24 27 28 31 32 35.5 39.9 


negatively charged electrons about it, and at some distance as 
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compared with the size of the nucleus. The hydrogen atom 
may fairly be supposed to have the unit positive charge. The 
number of negative charges in the periphery of the atom must, 
according to our notions of electric neutrality, be equal to the 
number of net positive charges in the nucleus. Practically all 
the mass of the atom is in the positive nucleus, and the atomic 
weight of hydrogen is very nearly 1. 

The combination of hydrogen with chlorine will illustrate the 
new idea of the union of elements. At first both are neutral, and 
we may represent them by H® and CI°. Then the negative elec- 
tron of the hydrogen atom passes over to the chlorine; as a result 
the hydrogen is positively charged, and the chlorine negatively 
charged. 

H°+CrP +~ H*+Cl” ~ H+ —Cl. 

The hydrogen atoms now “combine” with those of chlorine, that 
is to say, the two kinds of atoms are held together by electro- 
static forces, and we have a neutral substance, hydrogen chloride. 
Such a compound is called a “‘polar’ compound. The term is 
essentially the same as “ionogen,’’ used in the study of electro- 
lytes. When the hydrogen chloride is dissolved in water, or 
in some other dissociating solvent, these electrostatic forces 
cease to operate, in part at least, and we have the equilibrium 
between the ‘“‘molecule’”’ of hydrogen chloride and the oppositely 
charged ions. We know these ions are charged because they 
move toward the electrodes in electrolysis. 

When we pass from the reasonably active element hydrogen 
to helium, of atomic number 2 (See Table 2) we find an element 
of no apparent activity. We assume that its atom contains two 
net positive unit charges, and two electrons. Apparently this 
arrangement produces a perfectly satisfied system. There is no 
tendency for an electron to be lost or gained. But with lithium, 
of atomic number 3, the case is different. Here the core of the 
atom has three positive units, and there are three electrons. 
Why is not the atom satisfied with itself, as in the case of helium? 
We know only that it is not; so we conclude that two of the 
electrons are more closely associated with the nucleus than is the 
third, and that only this third one can be lost. The lithium atom 
can lose an electron to an element like fluorine or chlorine, and 
then combine with the atom of this element, as in the case of 
hydrogen and chlorine. It has a valence of 1. We express the 
structure of the next atom: that of glucinum, as a nucleus con- 
taining four positive units, two electrons near the nucleus, and 
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two electrons farther away, and hence able to pass off to an ele- 
ment like fluorine. Glucinum has a valence of two. Boron has 
five positive units and five electrons, and a valence of three. Its 
atomic number is 5. When we come to fluorine, with an atomic 
number of 9, there must be 9 positive units in the nucleus, two 
electrons close to the nucleus, and 7 electrons in the periphery 
TABLE 2. 

H=! He= 2 Li=3 Gl=4 Bes 

Valence =) Val.=O Val=/ Val = 2 Val =3 


© SOO 


C= N=7 O=8 F=4 Ne=/Q 
Val. = 4 Val= Val.=6G Val.=7 VaL=0 


OSS 


of the atom. The valence is 7. The next element is neoa, of 





atomic number 10. If we follow the method we have been using 
with the elements of lower atomic number, the neon atom should 
have 10 positive units in the nucleus and 10 electrons, two of 
them close to the nucleus and 8 in the periphery of the atom. 
The next atom is that of sodium, of number 11. 

What is the arrangement of the nuclei and electrons in the 
sodium atom? If its structure is like that of neon, the element 
of next lower atomic number, there should be 11 unit positive 
charges in the nucleus, and 9 electrons farther away. These 
electrons “‘at a distance” are the valence electrons of the elements 
from lithium to fluorime, inclusive; hence sodium would seem to 
have a valence of 9, whereas we know its valence to be 1. We 
therefore conclude that neon, of atomic number 10, must have 
a condition analogous to that of helium, and that the condition 
of affairs in sodium must in some way resemble that in lithium, 
its relative. In the helium atom there are two positive charges 
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in the nucleus, and the two electrons are arranged about the 
nucleus in such a way that none can escape, and the element 
has a valence of 0. In the building up of neon from helium an 
outer ring of 8 electrons is reached, and forms a stable arrange- 
ment about the nucleus with its 10 positive charges, and the 
inner ring with its 2 electrons. The valence of neon is also 0, 
and the element loses no electrons. 

We thus get the idea of a series of layers, or “‘shells,’”’ of elec- 
trons, which have been compared with the layers of an onion. 
In the hydrogen atom there is only one electron to represent the 
shell; in the helium atom there are two. Then the first shell 
seems to be complete, and a new one is formed. Lithium has 
not only the inner shell of 2 electrons, but has one electron 
toward a second shell. We have called this extra electron its 
valence electron. In neon this second shell is complete, and has 
8 electrons. In sodium a third shell is begun, each atom up to 
that of argon having now, around its nucleus, an inner shell 
of 2 electrons, a second shell of 8 electrons, besides its own “‘val- 
ence”’ electrons, which are part of a still outer shell for atoms 
of hither atomic number than argon. 

Up to this point we have been considering the positive nucleus 
as a certain number of positive charges. Thus, the nucleus of 
the hydrogen atom has one positive unit; that of helium, two 
such units, and so on. But we must remember that practically 
all the mass of the atom is in its positive nucleus. The atom of 
hydrogen may have one such nucleus, but the atom of helium 
must have 4, to make up its atémic mass, which is 4. We are 
thus led to the assumption that the positive nucleus of helium 
must have 4 positive unit charges, or protons, and that it must 
also have 2 electrons in close combination with them, so that 
the net positive charge in the nucleus is 2, the same as the atomic 
number. 

If the positive nucleus of hydrogen goes to make up the 
nucleus of helium, why not of the other elements? This is ex- 
actly the assumption made regarding the structure of the atoms 
above helium; their nuclei are made up of the positive nuclei 
of the atoms of hydrogen and helium. As a result, the atomic 
weights should all be practically whole numbers. We thus come 
back to the old hypothesis of Prout, put forth in 1815, that all 
the atomic weights are whole numbers. But what a different 
background there is now as compared with that of the days of 
Prout! 
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The new theory of electrons has a suggestion regarding iso- 
topes. If, in the building up of one atom from the one below, 
a unit positive nucleus and an electron should add themselves 
to an atom, the new nucleus might enter the nucleus of the first 
atom, and the electron might enter the shell of electrons. In 
such a case the new atom would be of the next higher atomie 
weight and number, and would have the next higher valence. 
But if both the added nucleus and electron were to enter the 
positive nucleus of the lower atom, we would have added mass, 
but no higher valence and no change of chemical properties. 
In other words, we would have an isotope of the original element. 

We need go no further in the theory of electrons in this paper. 
Enough has been said to indicate how fruitful, from the teaching 
point of view, the theory may become. The danger in Physies 
is that the mathematical part may obscure the natural phe- 
nomena, which, after all, form the subject matter of the science. 
In the same way the theory of Chemistry may be taken as a 
substitute for the study of substances and the phenomena which 
form the basis for theory. The field’of speculation may become 
so attractive that it may carry us away from solid science teach- 
ing. But the reverse may also be true: in our quest for the solid 
ground of the “How” we may forget the ‘““Why,’’ which is the 
driving force of investigation, as it is of rational progress. We 
cannot do without theory for very long. The new view of matter 
will serve its best purpose, in secondary school science, as a back- 
ground for the teacher, so that he may graduaily adapt it to his 
own thinking and afterwards to his teaching. For the alert 
student the new idea of cumbination, valence, and the structure 
of matter will provide a goal to be reached, an inspiration to learn 
the “hard matters of the law’’ for the sake of its wonderful 
generalizations. 
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SOME UNUSUAL FOOD PLANTS. 
By Marte T. BLEevet, 
Waller High School, Chicago. 

Probably many people rarely think of the food possibilities 
that lie in other plants save those of our common cereals, garden 
vegetables, fruits, berries, and nuts. However, there are many 
other plants quite as usable, in case necessity demanded, but 
which until that demand arrives will remain unexploited by the 
commercial world. 

This paper not only includes unusual food plants but also 
unusual plant foods and beverages, as well as such native plants 
as might well be utilized for food; but which are now entirely 
disregarded by most of the civilized world. In discussing these 
topics the field may be divided into two main divisions, (1) land 
plants, and (2) marine plants. 

The land plants may be subdivided into (1) aretie and sub- 
arctic circumpolar belt, (2) temperate belt, and (3) tropical belt. 

In the arctic and subarctic zone we find the Eskimo and the 
subarctic peoples often facing bleak, barren snow fields bearing 
a scant vegetation, practically all of which is made use of in 
their dietary. Cetraria islandica, a lichen which is known as 
Iceland moss, is much used by the natives of Iceland. This 
lichen is gathered, washed and cut into pieces which may be 
eaten raw. To a well-fed American such a meal might not be 
very appealing, but to a hungry Icelander it is quite palatable. 
To vary its use he dries the lichen, puts it into bags and beats it 
into a fine powder by trampling it. This is then used in many 
varied forms ranging from puddings, cakes, and thickening for 
soup to be eaten dry in times of lack of other ingredients to mix 
with it. In Lapland the cow thistle, Sonchers alpinus, is gath- 
ered for its stem which contains a milky juice. This is peeled 
and eaten raw. It is extremely bitter but the people have 
become so accustomed to this quality that they are not aware 
of it after the first few times they have eaten it. 

The common sorrel, common in Lapland, is gathered, boiled 
and mixed with milk. This is then put into barrels which are 
buried in holes dug in the ground. These holes are lined with 
bark of shrubs to prevent rodents attacking the precious food 
thus stored for winter consumption. 

In Norwegian Lapland the roots of the water dragon, Calla 
palustris, are dried and ground and mixed with a meal made 
from fir bark. This combination is used as we use wheat 
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flour, but it is resorted to only in times of crop failure due to 
severe frosts. The crops of the subarctic, of which Scandinavia 
is part, include chiefly barley, peas, lettuce, spinach, and a few 
other hardy imported and introduced plants. The arctie and 
subarctic regions have no indigenous agricultural plants. The 
arctic region is not conducive to agricultural pursuits and the 
subarctic capable of supporting only a very few imported crop 
plants. 

We next pass on to the temperate belt which is rch in 
potentialities. Many possibilities here are not used by white 
men and, therefore, their use by various natives is looked upon 
as unusual. Probably our crop plants were looked upon by 
the natives as just as unusual. White man in his westward 
conquests from Asia Minor through Greece, Rome, Western 
Europe, and finally to the new world, has always brought with 
him his favorite crop plants He has called all ot} ers ul usual: 
but are they unusual? 

In this belt we find that men from pre-historic ages sought 


to utilize plants chiefly in four ways: i. « 1) for food, (2) for 
fibre, (3) for medicine and cosmetics, anc f for beverages. 


Man is still using plants for these purposes, but he deviates 
ever so little from his favorite imports, overlooking very often 


native plants that are just as good. A striking example of 
this in North America is the great cat tail, 7 pha pe l 

When white man came to this continent he readily adopted the 
Indian maize and potato but other foods of the Indians were 
disregarded Howeve I in) might have pro ed pal itable 


if they had been tried From the rhizome of the cat-tail the 


Indians made a sweet flour used in making bread, puddings, 
and cakes The underground stems were crushed and boiled 
fresh. A syrupy gluten was thus obtained in which corn meal 
was mixed, The pollen of Typha is made into bread by the 


natives of Scind and New Zealand 

This is a plant with prolific growth, the rhizomes of which 
are rich in starch and other food products, growing in situations 
now regarded as waste land. It is a perennial wit! great 
net work of underground stems 34 to 1 inch in diameter, which 


are storehouses of reserved good. The center ot the rhizome 
is a core of almost solid starch anil thus a surprizingly large 
amount of food material is produced. An analysis of the flour 


~~ F ; : , 
produced from ,this starchy core was made in 1919 by the Food 
Administration of Washington. The result showed 81.4% 
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carbohydrates, 7.75% protein, 1.65% fat, and 7.35% water 
Approximately equalling the percentage of protein found in 
rice and corn flour. Professor Classen of the University of 
Minnesota has carefully computed the yield of core material 
per acre and has found it to be 6,475 pounds. After milling 
and sifting over two tons of flour a finished product results: 
The processes of cultivation and milling of the flour would 
require careful investigation but the fact remains that there 
are 139,855 square miles of swamp land in the United States 
and Alaska that might be thus utilized to produce thousands 
of tons of flour. Cat-tail swamps might also be cultivated as 
feeding places for the muskrat, a valuable fur bearing animal. 
Any zoologist knows that the muskrat feeds largely on the 
cat-tail rhizomes and that cat-tail swamps are one of the best 
places for muskrat trapping. 

Another interesting fact in regard to the cat-tail is that it is 
used in Russia as a tender delicacy by both the peasantry and 
the aristocracy. In spring, boys and men go out into the 
swamps and gather loads of the young stalks which they cut off 
at the ground. They peel off the cuticle for about eighteen 
inches from the base, leaving the tender white part of the stem. 
This is hawked thru the streets and all Russia turns out for the 
rare spring treat of crisp, juicy, raw cat-tail stems. The Valley 
of the Don is most celebrated for its delicious cat-tails. 

Another plant highly prized by the American Indian but 
totally neglected by white man until recently is the yam bean. 
This is grown in the arid region of the southwest where it is a 
native. The Navajo Indians always cultivated this bean, 
but until white man saw its abrlity to resist drought he raised 
other bean crops which as a rule, proved only failures in this 
region. The yam bean has a fleshy, edible root and it is culti- 
vated chiefly for this reason by the nations of the Tongo Islands 
in the Pacific. 

The artichoke, Helianthus tuberosus, indigenous to North 
America, was grown extensively by the Indians. This root is 
rich in starch and could well be used as a substitute for the 
potato, as it was used by the native Indian who preferred it 
when baked. Modern man uses it for hog feed. Another 
favorite potato substitute of the Indians was the ground nut, 
Apios tuberosa. In writings of the year 1588 the ground nuts 
are referred to as “Sir Walter Raleigh’s potatoes.’”’ Probably 
so called because they produce numerous thick starchy tubers 


similar to the potato. 
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Other root crops which might lend themselves to further 
development are the Maranta, (arrow root) canna; taro, now 
an important Hawaiian crop; Uluous tuberosus, extensively 
used in Peru as a substitute for the potato; and the arrow head, 
Sagittaria latfolio, or “duck potato.” The last mentioned 
would be a good plant to be grown in marshes and swamps 
where other food plants would not grow. A brief list of root 
stocks, tubers, and bulbs eaten by the Indians will bring to 
light many interesting possibilities. In such a list we find that 
the wild hyacinth bulbs were one of the Indians’ favorite foods, 
and were cultivated in undrained lands. The bulb of the 
mariposa lily, Calochortus macrocarpus, was also much in de- 
mand. 
seal and the false spikenard. 
was uprooted for its starchy tuber. 
known to every boy and girl was dried or boiled to make it more 
pleasing to the Indian’s palate. 
aquaticum, was extensively cultivated by the Indians of the 


He also ate the starchy rootstock of the Solomon’s 
Even the dainty spring beauty 
The Indian turnip so well 


The golden club, Orontium 


eastern United States. Its rootstock was roasted while its 
seeds were cooked like peas. This plant grows well along lake 
borders or in shallow waters. 


in the natives dietary were those of the sweet flag, Acorus 


Other rootstocks which appeared 


calamus; sweet cicily; lotus, Nelumbo lutea; and Lomatiumcous, 
locally known throughout the west as the “biscuit root.”” This 
root was collected by the Indians for a winter food. The 
cassava also belongs to this group of root crops but needs special 
reference as two widely different uses were made of the bitter 
and the sweet varieties. The bitter cassava is highly poisonous 
in its raw state and it is the juice of this root that is used by 
the Indians of Guana to poison their arrows. A similar practice 
to that of the American Indian using the juice of the arrow 
root to poison his arrows. Both of these plants lose their poison- 
ous capacity upon being cooked. 
if fermented with molasses makes a highly intoxicating liquor. 

Passing on from the root crops to the leaf vegetables we find 
as many unique usages. The bamboo of China is too well 
known to all of us for much discussion, only to state that its 


The juice of the sweet cassava 


young shoots are boiled as asparagus or used in chop suey and 
that fields of bamboo are cultivated by the Chinese for this 
purpose as well as for many others. In India the sugary pith 
of the bamboo is much sought for by the natives. In Africa 
a few of the night-shades are boiled as spinach. As a rule the 
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least poison is found in the leaves of a poisonous plant and in 
several members of this family much of the poison is destroyed 
by boiling. Similarly many other plants that may be used as 
pot-herbs are the young shoots of the nettles, chickory, evening 
primrose, sorrel, milkweed, purslane, mustards, cowslip, water 
cress, winter cress often called poor man’s cabbage, comfrey, 
and many of the pigweeds. The sea kale, Crambe maritima, 
found growing wild on the sandy downs near the sea of Sweden, 
Denmark, England, and Scotland is also used similarly to 
spinach. Only the tender shoots are gathered. It tastes 
much like cauliflower and is now being grown in the British 
Isles, where it is much liked. The cabbage palm, Areca aleracea, 
has a cylindrical core or terminal bud two to three feet long 
and as thick as a man’s arm. This core may be eaten raw or 
boiled and eaten like cauliflower. Many of the so-called 
plantains: were used as pot-herbs or dried and made into a flour 
by the old tribes of Caledonia and Abyssinia. The marsh 
marigold, poke weed, and hop have also been used by the 
native Indians of North America for vegetables. 

Among the cereal possibilities we rarely think of any plants 
as usable other than wheat, rye, barley, oats, ete., but a few 
citations will show that other plants are so utilized quite effec- 
tively. The Japanese by selection have secured a useful cereal 
from the common barn-yard grass, Panicum crus-galli. This 
development is as unique as their ability to develop an edible 
root crop from the burdock. The peoples of the bleak plateaus 
of Peru and Bolivia have cultivated a cereal from the pig-weed, 
Chenopodium guinoa. The Indians of the United States and 
Mexico make use of a rice-like aquatic grass, uniola, which 
grows in the shallow shore water of the Gulf of California. 
The seeds of amaranthus and salvia (chio) are also used by the 
Mexicans as a cereal, as well as a source of beverage and edible 
oil. In early British history the seeds of the couch or quack 
grass were used as a substitute for bread flour. The bread 
produced was very poor, but in times of crop failure or famine 
any grass seeds have been resorted to. This is frequently seen 
in Africa where dry -seasons are common. Unusual legumes 
used in this respect are the wild pulse and sea-pea, both very 
indigestible. The soy bean is used as a substitute for meat in 
the Orient and it is also fermented and made into cheese, sauces 
and drinks of various kinds. In Paris soy bean bread and meal 
is commonly sold in the markets. 
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It is not necessary to discuss the host of berries and fruits 
of the temperate zone, the majority of which are known to most 
of us. However, a few unusual uses may be of interest, such 
as the use of the hips of several species of the rose in the making 
of jelly. Also the use of the May apple for jellies. The drupes 
of the staghorn and smooth Sumach are used in the making of 
an acrid summer drink. The red berries of the barberry may 
be used in sauces, pies, or in the making of jelly. The lotus 
f the black 
nightshade, solanum nigra, are edible when ripe. The thin 


seeds may be eaten as nuts. Even the berries ¢ 


sweet rind that covers the fruit of the hackberry, Celtis occi- 
dentalis, is also edible. A host of others might be mentioned 
but space does not permit 

A few of the unusual plants used for the making of beverages 
include the Jersey tea, Cianthos Americanus, Labrador tea, 
Sedum Groenlandicum; sweet goldenrod, Solidago odorata, called 
mountain tea; chicory, the roots of which are used as a sub 
stitute for coffee; and the leaves of the spice bush, Benzoin 
aestivale, which are also used as a substitute for tea. 

Passing on to the tropical belt we find that berries, fruits, 
and nuts form the chief articles of food of the tropical natives 
Here again we find a great number of familiar species. Most 
of us have seen the mango, mangosteen, bread fruit, jac! 
fruit, avacado, sapodilla, and several other highly esteemed 


+} 


tropical fruits, but we are not so familiar with some others 


as the Mexican strawberry, the fruit of the hedgehog cactus; 
the strawberry pear-—the fruit of the torch cactus; the melon 
thistle which tastes like the musk melon; the guava; Spanish 
bayonet; martynia or unicorn plant which is pickled and 
eaten as the cucumber; the rosselle, a berry similar to our 
cranberries, growing in Australia; and the tamarino of th 
Fast Indies. This tree belongs to the Lequminoseat crowing 
forty feet in height, bears long thin skinned pods which contai 


lat beans. The entire pod Is eaten 


a sweet pulp and large { 
With the tropical plants concluding the discussion of the 
land plants we might pause to consider the vast possibilities 
that await man’s development. One might well ask himself 
does the sea hold as many surprises for use as we found on thi 
land. The number here is very much smaller but their unique 
preparations and uses will prove quite interesting. 


Among the marine plants we find ‘hat the food plants consist 


chiefly of the algae. This group of plants form a great part of 
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the food of many island natives as well as the people of Japan, 


China, Asiatic Russia, and natives of the East Indies. Under 


the name Kombu the Japanese recognize various kinds of foods 
made from the Kelps. The broad fronded members of the 

Kelp family, the Laminariaceae, are the favorites in Kombu 
preparation. The fronds are gathered by fishermen who go 
out in open boats and tear the Kelp from the rocks with long 
hooks. The algae are then spread on the beach and left until 
thoroughly dried. The stem like portion is cut off and the long 
flat fronds are boiled in an aniline dye solution, malachite 
green, to give them a uniform color as is given in the dyeing of 
canned French peas. After being thus boiled the fronds are 
spread on straw mats or suspended on poles to dry. Later 
they are shredded and any waste pieces are pulverized into a 
greenish flour, which is used as thickening for soups. The 
shredded Kombu is cooked with meats, soups, and soy bean 
sauce, or served as a vegetable. The stems which were cut 
off in the beginning of the preparation of the fronds are dried 
and then shredded by scraping with a dull knife. This is un- 
dyed and the finished product is creamish colored. The Jap- 
anese call this Tororokombu. The dried untreated fronds 
are cooked with soup, fish and vegetables for the purpose of 
imparting a flavor. Kombu is also eaten dry or after immersion 
in hot water, which process gives it a nutty flavor; or the strips 
may be sugared and in this crisp state are said to be excellent. 

The red laver, Porphyra, is also a popular Japanese food. 
Porphyra fronds are gathered, dried, and pressed into sheets. 
These may be crushed and dropped into sauces, soups, or 
broths to impart flavor or may be dipped in sauce and eaten 
alone. Suchi, or sandwiches, are sold by vendors in the Japanese 
railway stations. These sandwiches, are unusual in their 
composition, being made by spreading a layer of boiled rice on 
a sheet of Porphyra. On this rice strips of meat or fish are placed 
and the whole is then rolled as a jelly-roll, and. cut in transverse 
slices. This sandwich is rich in protein and is a nutritious 
lunch. The Japanese school boy takes a roll of porphyra and 
boiled vegetables combined for his lunch at recess. 

Agar-agar, known in Ceylon as Kanten, is extensively used 
in the making of jelly candy, pastries, and desserts. Almost 
every alga that grows finds its way into the dietary of the 
Japanese, whose agricultural output is limited by their lack of 
territory. ‘These seaweeds also find a place in the dietary of 
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occidental peoples living on islands or along sea coasts. In 
Ireland laver is served with butter, pepper, and vinegar as a 
dressing for cold meat. Dulse, Rhodymenia palmata, is dried 
and eaten as a relish or boiled in milk. In some parts of Scot- 
land dulse boiled in milk is considered the best of all vegetables 
The Indians of Queen Charlotte Island boil dulse with halibut 


OTN ea ee 


and find it very palatable. Irish Moss, Chondius crispus, is 


“rm Oey 


a favorite alga in Ireland, Nova Scotia, and the New England 
states for making puddings, jellies, and blanc mange, and 


7 eeeeeree 


cough demulcents. 

The following recipe is given for the preparation of blanc 
mange: 

Soak half a cup of dry moss in cold water for five minutes 
tie in a cheese-cloth bag, place in a double boiler with a quart 
of milk and cook for half an hour. Add half a_ teaspoonful 
of salt or less, according to taste, strain, flavor with a teaspoon- 
ful of lemon or vanilla extract, and pour into a mold, which 
has been wet in cold water. After hardening, serve with sugar 
and cream. 

Thus we see that the algae, although they are unusual food 
plants to most continental peoples, form a great group of im- 
portant food plants. Not only are they nutritious but they 
also contain much iodine, which is so desirable in the treatment 
of goitres. 

In closing may I state that this paper does not pretend to 
cover the entire field of unusual food plants. It discusses only 
the more interesting ones that have come within the field of 
my reading 






















































CHEMISTRY TEST 
A COMPREHENSIVE CHEMISTRY TEST. 
By B. J. Riverrt, 
Northwestern High School, Detroit, Mich. 

The purpose of this study is to make a chemistry test which 
will indicate the pupil’s knowledge of the principles of the sub- 
ject. For three years the writer has experimented with tests 
on the writing of symbols, valence, and formulas but the knowl- 
edge of these topics is only a part of the fundamental principles 
of chemistry. Therefore, last semester tests were devised which 
aimed to cover the whole field of elementary chemistry. Part I, 
consisting of problems on hydrogen and oxygen and two general 
information tests, was given to pupils studying the first half of 
the subject. Part II, consisting of problems on volumetric 
equations, a general information test, and one on writing equa- 
tions, was given to pupils completing the study of high school 
chemistry. 

The tests were given in the Northwestern High School first 
at the mid-semester examinations in April of this year to 221 
pupils studying Chemistry (2) and to 158 pupils studying Chem- 
istry (1). The Part II test was repeated in June with the same 
pupils. Some of the Part I tests were also repeated but there is 
insufficient data on the last examination for any conclusions. 

One of the chief aims of this study is to score the questions 
and problems properly. With this end in mind, the number of 
errors on each question was compiled, the percentage calculated 
and the score determined by the table in Rugg’s Statistical 
Methods Applied to Education, page 392. The following are 
the results for the test on hydrogen and oxygen problems given 
in April: 

Problems on Hydrogen and Oxygen, April, 1922. 
Number of pupils——158 


Number Number 
of of y/ Score 
Problem Errors 
l 12 7.6 22 
2 37 23.4 36 
3 35 22.1 35 
4 44 28 39 


It will be observed that the number of errors on problems 2, 
3, and 4 are practically the same. The small number of errors in 
problem 1 may be due to the fact that some pupils exhausted all 
of their time in solving this problem. Therefore, it seems ad- 
visable to score all problems in this test equally. Probably, the 
best method is to count each problem solved correctly as worth 
twenty-five per cent. 
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The following data show the errors, percentage, and score 
for the test on problems involving volumetric equations 


9) 


Number of pupils—22 





Number Number 
of of oO, Seore 
Problem Errors 
l 44 20.7 34 
2 53 25.0 37 
r 61 28.8 39 
4 60 28.0 ov 





It is quite evident that these problems are of equal difficulty, 
therefore, each should be scored the same. Again, a value of 
twenty-five per cent is suggested. 

The data on the information test are as follows: 


Number of pupils—211 


Vo. of Question No. of E % of Pupils Score 
] 5 2.2 ] 
2 9] 41.1 5 
3 dS 30.5 4 
t 1.8 l 
7 S6 38.9 ) 
5b 52 14.4 4 
7 +4 20.0 ; 
S 27 12.2 3 
y 25 11.3 
10 Yb 13.4 > 
LI 27 12.2 
12 25 11.3 ; 
13 17 21.2 ; 
14 DO 24.9 } 
Ld 69 31.2 t 
16 27 12.2 ; 
17 8 17.2 
IS SD 33.4 } 
19 s-4 38.0 { 
20 ss 17.2 
all 
lotal 67 


Here there ig considerable variation in the difficulty of the 
questions. Therefore, the values from 1 to 5 on the right margin 
are suggested, the total score to be 67. 

The true and false test, Part I, should be scored by subtracting 
the number wrong from those right. For the present, 1 will be 
necessary to score the best answer test, Part I, by grading each 
question the same or ten per cent for each. The reason for the 
lack of data on this test is the fact that the pupils had not studied 
some subjects covered by the questions at the time of the exami- 
nations so that any st udy of the errors would be inaccurate. 

There is much variation in the difficulty of the questions on 
equation writing as will be observed by a study of the following 


data: 
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Vo. of Question Vo. of Errors % of Pupils Score 
l 2 1 1 
2 4 1.9 l 
3 19 9.0 2 
t 12 5.7 l 
5 Ll 5.2 l 
6 15 7.1 l 
7 61 33.6 4 
sS 21 9.9 2 
9 39 18.4 3 

10 9 4.2 2 
11 24 11.3 3 
12 51 24.1 4 
13 20 9.5 2 
14 59 28.0 4 
15 62 29.8 +4 
16 73 34.6 4 
17 81 38.3 4 
IS 52 15.1 3 
19 78 37.0 4 
20 QS 46.4 5 


Total . . 55 

In this test, then, the total score for a perfect paper should 
be 55 and the questions should be scored according te the table 
in future examinations. 

As stated previously, the Part II tests were repeated in June 
after nine weeks’ study of the subject. A comparison of the re- 
sults obtained in April and June show there was little progress 
made in the ability to solve problems involving volumetric 
equations, probably because this subject was studied in March 
and April just previous to the first test. There was considerable 
progress, however, in the information test. The per cent of 
pupils falling in the group 18, 19, 20 correct increased from 26.6% 
in April to 72.0% in June, a marked increase. 

In conclusion, it may be said that this year at least a part 
of these new tests will be given to the chemistry pupils in all 
Detroit high schools with the purpose of formulating standards 


for future use. 
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CHEMISTRY—TRUE AND FALSE TEST. 
Part I. 


Write the words true or false after each statement. 


Salt dissolves more readily in hot water than in cold water 


2 H ydroge n can be made easily by the action of nitric acid op copper 
3 Oxvgen and hydrogen are produced by the electrolvsis of water 

4 Milk is a solution 

5 \ erystalline substance dissolved in water raises the temperature 
6 Acids should be placed on water and not water on acids 


7. Detroit drinking water is purified by filtration 
‘ Hard water requires more soap than soft water 


4 Air is composed chiefly of h drogen and ox, gen 

LO Water is a good solvent for oils and fats 

1] Hydrogen mixed with ur is explosive 

12. A barometer is used to measure the temperature of the air 

13. The volume of a gas varies inversely with the temperature, the 
pressure remaining constant 

14 The moleeules in a gas are farther ipart than those in a solid 

15 lt! ydrogen chloride will not dissolve readilv in water 

16 Air is a compound 

17. The non-luminous flame of a Bunsen burner is hotter than the 
luminous flame 

LS A molecule is the smallest portion of any substance eithe r ele- 
mentary or compound, that has separate existence 

19 An oxidizing agent sa substance which adds oxvgen to inother 
substances 

20 Potassium chlorate in oxidizing agent 

Seore right less wrorg 

tight wrong 

CHEMISTRY BEST ANSWER TEST 
Read each statement and make a cross before the best answer, 


as shown in the following 


Sample Carbon dioxide is used to extinguish fires because 


I Carbon dioxide is easy to make 
2 It does not support ( bustion r burn 
3 It is colorless 


l. Oxygen with acetylene ised in welding because 


l Oxygen burns 


2 It is colorless vas 
3 It supports combustion 
2. <A chemical change is illustrated in the case of 
1. The burning of wood 
2 The heating of iron 
3 The evaporation ot water 


3. Pure drinking water should not contain 


l Mine rals such as sodium chil ride and ealecium Cc irbon ite 
Organic matter 
Gases such as air and carbon Lioxide 


A salt is 


] A substance which In aqueous solution dissoe! ites alwavs gi\ 


hi arogen Aas the positive ion 
2 The hydroxide of a met 


ing 
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ABOUT THAT 
LABORATORY,— 


A room plus tables,—doesn’t make a lab- 
oratory; apparatus and equipment do. 

A teach Science right, you must have good 
faboratories. Good laboratories mean good 
apparatus. The selection of your equip- 
ment, then, demands great care. 


Order from Schaar, and rely on your 
Science supplies. If you haven’t our cat- 
alog No. 5 (the one with the green cover) 
write for it. A post card will do. 


LABORATORY EQUIPMENT 
FOR PHYSICS, CHEMISTRY, BIOLOGY 
AND AGRICULTURE 


SCHAAR & COMPANY 
556 W. JACKSON BLVD., CHICAGO, ILL. 
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3. An acid with the hydrogen ion replaced by a metal 
5. The law of definite proportions states that 
1. The volume of a gas varies inversely with the pressure, the tem- 
perature remaining constant. 

2. Every sample of a given chemical compound contains the same 
elements united in the same proportions by weight 

3 In every chemical reaction, the sum of the weights of the reacting 
substances is equal to the sum of the weights of the products 


6. If the percentage of nitrogen in the air were increased 


1. Fires would burn better than they do 
2. They would not burn as well. 
3. They would burn the same as now 


Sulphuric acid is used with sodium chloride to make hydro- 


~ 


chlorie acid because ’ 
1. Sulphuric has a higher boiling point than hydrochloric acid 

2 It has a lower boiling point than hydrochloric acid 

3. It is more volatile than hydrochloric acid 


8. Hydrogen is collected by displacement of water because 


1. Hydrogen does not dissolve readily in water 
2. It dissolves readily in water. 
3. It forces the water out of the bottle 


Problems on Hydrogen and Oxygen. 


Zn = 65; O = 16; H 1; Cl 35.5; Hg = 200; K 39; 
Na = 23. 
1. How many pounds of hydrogen can be made from 130 pounds 


of zine? 
Equation—Zn+2HC! - ZnCl.+H, 
Parts by weight 
Proportion 
Alg. equation 
Result 


2. How many grams of oxygen can be made from 5 grams of 


) 


potassium chlorate’ 

Equation—2KC10 2KC1 +30, 

Parts by weight 

Proportion 

Alg. equation 

Result— 

3. How many pounds of mercury can be made from 108 pounds 

of mercuric oxide’ 

Equation—2H gO > 2Hg+0, 

Parts by weight 

Proportion 


Alg. equation 
Result 


4. How many grams of hydrogen can be made by the action of 


10 grams of sodium on water? 
Equation—2Na+2H,0 > 2NaOH 
Parts by weight 
Proportion— 













































HAWKES—LUBY—TOUTON 
Algebras and Geometries 


5574 SCHOOLS were using the Hawkes-Luby-Touton Algebras when 
the latest records were compiled about the close of the last school 
year. The “Plane Geometry” and the ‘‘Solid Geometry” by the same 
authors are of more recent publication but have already taken a place 


of prominence They possess the same merits as the algebras. 


Satisfactory service in the classroom is the 
reason for the unusual record for these books. 








-— an GINN AND Dalia | 
Chicag C O M PA N Y oe | 


Londor 
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Three Books You Will Want to Use This Spring | 


QUESTIONS AND PROBLEMS IN CHEMISTRY 
Floyd L. Darrow 


Now in use in more than eighty schools 
1200 ques l problems; the llege entrance questi 


se a 177 shines “80c list, 7 
QUESTIONS AND PROBLEMS IN PHYSICS 
Floyd L. Darrow 


Though published late last fall, s wing ive sent their 


I ladelphia Pa He \ 
Brooklyn, N. ¥ Chi I 
Cambridge, M Hig 4 N 
Pelha N. ¥ Hamil Ohi 
Ce gsw N. J y N 
Clevela I Ea 
1248 questions and problems; the llege trance quest s tor the past sev« ears, as well as the 


luded 


80c list. 


231 een 
LETTERS OF A RADIO ENGINEER TO HIS SON 
John Mills 
Widely used for supplementary seadine 


"265 pages. $1.60 list. 


Harcourt Brace and Company, 1 W. 47th Street, New York 
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Alg. equation 
Result 


Number right 
Parr II. 
INFORMATION TEST 
Draw one line under the word which makes the sentence cor- 
rect as shown in the following sentence 
Sulphur is obtained from Colorado, Michigan, Louisiana, [linois. 


l. The salts of sulphurie acid are called chlorides sulphates nitrates 
2. Straw hats may be bleached with sulphurie acid hydrogen sulphide 


sulphur dioxide carbon dioxide 


3. Hydrogen sulphide is usually made by the action of an acid on the 
sulphide sulphate sulphite of a metal 

4 The hardest natural substance known is carborundum quartz 
limestone diamond 

5 Wood aleohol, CH,OH, has a boiling port of SO°C, LOO" 120°C 


140°C 
6 The poisonous gas in the exhaust irom a gas engine is carbon 
dioxide carbon monoxide nitrogen hy droge n 


7 The oxidizing of ethyl ileohol produces eitrie acid malic acid 
oxalie acid acetic acid 

8. Petroleum is composed of hydrocarbons carbonates cohols 
aldehydes 

9 All baking pow ce rs contain iun sodium birearonate Sodium 


carbonate sodium phosphate 
10 The best solvent for sulphur ts water aleohol carbon ‘sulphide 


11. In making explosives the following acid is used: hydrochloric 
acetic carbonie nitric 

12 All acids contain ions of hydrogen hydroxy! a metal 

13 A non-combustible gas which may be used in balloons hydrogen 
helium carbon dioxide nitrogen 

14. Anacid which may be used for etchmg glass is sulphuric phos 
phoric hydrofluoric hydroiodie nitrie 

15. The chief use of sodium hydroxide is in the making of glass fer- 
tilizers soap paper 

16 A poisonous gas used in the world war was hvdroget ilphidse 
sulphur dioxide carbon dioxide chlorine 

17. A lighted match placed in oxygen is extinguished burns brighter 
no change causes an explo 

18. The most useful reducing agent used in the industries is estone 
salt sand coke 

19. <A photographic plate is coated with a lead compound er 
compound an iron compound a copper compound 

20 Glass is made fron ind salt clay gypsum 


Number right 


Problems on Volumetric Equations. 


1. How many cubic feet of oxygen and air will be required to 


) 


burn 100 cubie feet of methane’ 
Equation—CH,+20 CO,+2H,0 
Proportion 
Alg equation 
Result for O 
Result for Air 


2. How many liters of oxygen and air will be required to 


testé 


elec’ 


heat 


Ele 


Bos 








one 
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TOWER AND LUNT’S 


SCIENCE OF COMMON THINGS 


The Project Method is used throughout the book. All the experiments have been 
tested repeatedly with classes. Directions are full, clear, and definite 


* Scope—Food, air, water, weather, combustion, heating, lighting, molds, bacteria, 
electricity and similar topics connected with the students’ environment. 


The Authors—Samue! F. Tower, Head Master, South Boston High School, formerly 
head of the Science Department, English High School, Boston, and Joseph R.Lunt, teacher of 
Elementary Science, English High School, Boston 


Cloth. Fully illustrated. 


D. C. HEATH & CO., Publishers 


Boston New Yorl Chicago Atlanta Dallas San Francisco 





BACK NUMBERS WANTED 


January, February and May 1920, June 1905, May 1906, 
20c each, or 25c allowed on subscription. 


For Vol. 1, Nos. 2 and 9; Vol. 2, Nos. 1, 2, 3 and 4; Vol. 3, No. 
1, and Vol. 4, No. 1, we will pay 50 cents each or allow 75 
cents on subscription. 








FELLOW TEACHERS 


Several thousand teachers in America are united in the NATIONAL COUNCIL 
OF GEOGRAPHY TEACHERS to aid one another Membership is open to anyone 
interested in advancing the teaching of geography Do you desire to keep in 
touch with the best leading thought in geographic education? Our official pub- 
lication 


THE JOURNAL OF GEOGRAPHY 


is included wit! bership dues of $1.50 but the regular subscription rate to 
non-members is $2.00 per year (Foreign postage extra Libraries, schools, firms 
and other institutions may become members threugh some person connected with 
the same It is the only journal in America devoted to the needs of geography 
teachers Distinctly practical and useful type of material of high quality has 
characterized its pages for more than a quarter of a century. You cannot afford 
to be without it if you are to be abreast of the times, because it 
INCREASES YOUR EFFICIENCY 
Teachers of all grades and in great numbers have depended upon it for years as 
a source of geographical knowledge and inspiration. Practically all the geograph- 
ical leaders in America and many from abroad are among its contributors. 


Send membership dues or subscription to our publishers, A. J. NysTROM 
& Co., 2249 Calumet Ave., Chicago, IIl. 
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burn 100 liters of carbon monoxide? 


Equation—2CO +0, 2CO, 
Proportion 

Alg. equation 

Result for O 

Result for Air 


burning of 10 eubic feet of acetylene, C.H.? 


Equation—2C,H.+50, 1CO,+2H,0. 
Proportion 

Alg. equation 

Result 


1. How many liters of oxygen will be required to burn 10 
liters of hydrogen? 


Kquation—2H, +0, 2H,O 
Proportion 

Alg. equation 

Result 


Chemistry Test on Equation Writing. 
Name Date 


I. Complete the following equations: 


l NaOH +HCl 

2. _KOH+HNO, 
3. NaOQH+H.SO, 
} Fe+HCl 

5 FeS+HCIl 

6 FeO +HCl 

r F.0.+C (heated 
8. CaCO;-4 HSO, 


If. Write the formulas and complete the equations 


] Calcium hydroxide and carbon dioxide give 
2 Silver nitrate and sodium chloride give? 
3. Barium chloride and sulphuric acid give? 


4. Sodium and water give? 
5. Sodium chloride and sulphurie acid give? 


m 


III. Write the volumetric equations for the following 


l The burning of methane, CH, 


2. The burning of carbon monoxide, CO 
3 The burning of acetylene, C,H 


LV. Write the equations for the following 


r 


he heating of mercuric oxide 

he action of zine on hydrochloric acid 
] 

] 


r 


1e heating ot potassium chlorate 
r 


16 preparation of ammonia gas 


r 
lr 
T 
r 


N. B.—To be counted correct the equation must be properly 


balanced and the formulas w ritten correctly. 


a. How many cubic feet of steam, H.O, will be found by the 
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THREE ADDITIONS 
The Physiology of Twinning 


By HORATIO HACKETT NEWMAN 


In this book the author develops his theory of the 
cause of twinning which was first advanced in 1917 in 
his volume, The Biology of Twins. He now uses it as a 
working hypothesis to explain a long array of pecutiar 
twinning processes in diverse groups of animals. In- 
terested primarily in the causes and consequences of 
twinning, he discusses all known types of complete or 
partial one-egg twinning in the animal kingdom. His 
experiments, which tend to indicate that twinning is a 
phenomenon much more general than previously sup- 
posed, are here published in the hope that study of the 
biological processes involved in twinning may help 
to solve some of the riddles of life 

$1.75, postpaid $1.85 


The Antiquity of Disease 


By ROY L. MOODIE 

A non-technic ul presentation oft ge logical e\ idences 
of disease. From the examination of fossil vertebrates 
and the bones of early man, a record is here constructed 
of prehistoric pathological conditions and, for the first 
time in published form, there is given a discussion of 
the relation of such evidence to the origin and evolu 
tion of disease. With especially prepared illustrations 
this work will be of particular service to those inter- 
ested in medical history, general evolution, zodlogy, 
and geology 


$1.50 pos 


The Story of the Maize Plant 


By PAUL WEATHERWAX 


tpard $1.60 


The only complete, modern exposition of the mor 
phology of the maize plant. In this volume Mr. Weath 
erwax is interested in giving a well-balanced, reliable 
summary cf our present botanical knowledge of maize 
He eliminates the influence of the economic point of 
view and describes maize as a plant, with problems of its 
own to solve, a life of its own to live, and a part of its 
own to vlay in the drama of organic existence. His 
treatment of the biological individuality of maize is 
accompanied by a brief discussion of the influence of 
corn upon ancient and modern American civilizations 
and the reciprocal reactions of human activities upon 
the plant 


$1.75 p stpaid $1.85 





The University of Chicago 
Science Series 


has been designed to occupy a 
position between the short arti- 
cles of technical journals and 
elaborate treatises which at- 
tempt to cover several or all 
aspects of a wide field. The 
volumes of this series present 
the complete results of experi- 
ments or series of investiga- 
tions which previously have 
appeared only in seattered 
articles, if published at all. 
They confine themselves to 
specific problems of current in- 
terest and present the subject 
in as summary a manner and 
with as little technical detail 
as is consistent with sound 
method They are written 
not only for the specialist but 
for the educated layman, and 
are small duodecimo volumes 
bound uniformly in maroon 
cloth The following titles 
ire published and for sale at 
your bookstore or the pub- 
lishers: 


The Evolution of Sex in Plants 
By John Merle Coulter $1.25 


Individuality in Organisms 
By Charles Manning Child $1.50 


The Origin of the Earth 


By Thomas ( Chamberlin $1.75 
Finite Collineation Groups 

By Hans fF. Blichfeldt $1.50 
A Chemical Sign of Life 

By Shiro Tashir $1.25 


The Biology of Twins 
By Horatio Hackett Newman 


$1 50 
Food Poisoning 


ty Edwin Oakes Jordan $1.25 


The Electron 
By Robert Andrews Millikan 
1.75 
The Living Cycads 
By Charles J. Chamberlain $1.50 


Problems of Fertilization 
By Frank R. Lillie 


The Origin and Development 
of the Nervous System from a 
Physiological Viewpoint 

By Charles M. Child $1.75 





5841 ELLIS AVENUE 
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PROBLEM DEPARTMENT. 
ConpuctTep BY J. A. NYBERG, 

Hyde Park High School, Chicago 

This department aims to provide problems of varying degree 
which will interest anyone engaged in the study of mathemati: 







MATHEMATICS 






All readers are invited to propose proble ms and solve probler 


posed Problems and solutior will be credited to their 


solution, or proposed problem, sent to the Editor should have the 


name introducing the problem or solution as on the followi 

The Editor of the dé partment desires to serve its readers 
entere sting and helpful lo then If you have ar 4 suqqgestior 
it to him. Address all communications to J { Nyberg, If 
Road, Chicago 


LATE SOLUTION. 
767 Michael Goldberg, P) ! lelphia, Penn 
SOLUTION OF PROBLEMS. 
771 Proposed by L. E. Lunn, Heron Lake, Minneso 
Find the greatest numerical factor of x 1) for po 
values of zx 
Solution by J PF Ho ( a B ecke? “tdage Hiai School. Ne 
r(z'?—] r(x—1)(r+1 +1)(2§+27'+]1 
x(x—1)(x+1) 1s divisible by 6, and r(x—1)(r+1 
by 5 [see problem 761], so that the expression is divisible 
From Fermat's Theorem we notice that 


1) if zis prime to 7, then x* —1 is divisible by 7; and if x is no 
then rz itself is divisible bv 7 Hence in either case 
by 7 

(2) if z is prime to 13, ther 1 is divisible by 13; and if 


to 13, then ri 
divisible by 13 
Therefore x(x"? 1) is divisible by 30 «7 & 13 or 2730 


tself is divisible by 13 Henee, in either case 


If z is an odd integer, 1) is divisible by 120, and hene« 


is divisible by 10920 
76) 


ii2z Proposed by Thon is f Fre en. D frowl, Vichiaar 


From any point, P, on the circumference of a given cirek 


drawn within the cirek Find the radius of this are 
the area of the circle 
Solution by J. F. Ho 


il it Cuts 


Let the radius of the given circle be 1, and let AB be the require: 


Then area of ACBEA r/4 
= sector ACB+sector OAB OAB 
Let ZOAB é: AD cosé: OD siné; AB 2eost 
Sector ACB 6/360 treos’?@: sector OAB ISO 26 






















YOUR OPPORTUNITY!! ‘ 


Advancement offered in all types * 
of educational positions. a 
Our highly specialized service is 
fashioned for your promotion. 
Personal interest in each member 
a keynote 
Surely. this is the agency you ate 
ooking for 
paro The coupon mailed today will bring 
* paasrDaNt you a ‘Free List of Vacancies’’ 
EDUCATORS-AGENCY 
19 SOUTH LA SALLE STREET 
room 140! ¥.M.C.A. BLOG CHICAGO, ILLINOIS 
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The University of Wisconsin 


Summer Session 


June 25 to August 3 


Fee for All Courses, $22 
(Except Law, $35) 


Full program of courses in under- 
graduate and graduate mathematics 
and the natural sciences. Teachers’ 
courses a specialty. Excellent li- 
brary laboratory equipment 
for research and higher degree work. 


and 
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JOSEPHINE TURCK BAKER, Editor 
Northern Lakeside Advantages 
A Monthly Magazine 
etl] 
} ae a a For Full Information 
Send 10 Cents for Sample Copy Address 
to | DirectorSummer Session 
Correct English Publishing Co. | Madison, Wis. 
EVANSTON, ILLINOIS om 
Genuine Aids 
_ THE GLOBE GRAPH BOOK 
Includes a summary type equations and their graphs, illustrative graphs and blank cross-section 
sheets provi ‘ing a ost rable printed form for all graph work 
THE GEOMETRY NOTE BOOK 
{ i f x10, per orate at top, provicing a neatly printed form to be used in 
connection with homewor issigniments Ee onan ete , as well as lists of importan* forn tlas, valuable 
suggestions and dire« ns to pupils 
j , , for varded upor t 
GLOBE BOOK COMPANY 
949 Broadway NEW YORK CITY 
( The entire set of back RADIO SUPPLIES 
. Condensers and variometers. 
carpet ae nage Send stamp for description. 
an athematics makes e 
E.R.KNOTT MACHINE CO. Boston 27, Mass. 
most valuable help on mod- 
ern and progressive Science "Radio le More Than Jazs!” 
and Mathematics teaching EXPERIMENTAL RADIO 
. . *. By R R RAMSEY, Ph D., 
which is possible for one to Professor of Physics, Indiana University 
° . A collection of radio experiments for students and 
possess. See price list on experimenters mimeographed. Measurements, cali- 
bration, tests, construction, and use of radio apparatus. 
page 405. Sixty-two tests and experiments. Nota high school 
manual, but teachers can get many suggestions 
Price $1.50. Postage and packing, 10 cents 
UNIVERSITY BOOK STORE. Bloemingten, Indiana 
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AOAB ‘ 
Qf 2cos? A 
20 


Let 


es Cosa 
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1.159 Hence, 
the radius should equal 1.1 
773 Proposed by Har 
Considering a pair of 
upper and lower base Ss, 
middle section in terms of! tft 
Solution Vichael Go 


, 
to divide 
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1SOsine 
By experimentation it is found that 
equation to the third decimal place 


59 times the radius of the given circle 


V Veish, College of the City of Ve York 
posite taces of a regular dodecahedron as its 
| without using trigonometry the area of the 
he edge ¢ 

P} adelphia, Pen? 


-UO x 


+%90n 


iND 


tion to be solved is 


0 
0 


Hence é 


a ecircie into two equiva! 


tp By symmetry it is seen that the mid section 

Vf whose si le we will eall b In ength b equals one 

3 of the pentagol il faces of the dodecahedron If 
é gon, then its di igonal, d, equals e(1-4 \ 5) /2 


MATHEMATICS 


100° 


’ 7, : 

1 16° satisfies the 
Vent ; 

» 3S , and 2eosé@ 


parts as required, 


l 
54° 3: 


lent 


regular decagon 
half of a diagonal of one 
e is the edge of a 
We are now required to 


is 


a 





pe nta- 
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a h j 

Soluti 7 / Jol Pa 

h- ¢* hd: ad j 

Substitute lor ad its equ 

Substitute ior 0 in ¢ 

bd Then 

abe + DOCd athe f 

Hence ab + i 

The editor considered thi 


using the ice of ibstil ) 


tion’’ without stating (1 } 
quantity nd (2) m wi er 
solutions were b VU y M 
Georae Hib er. Cl é ‘ j 
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VW arren UU 
C'oncor i, \ H 


Jers ( 


Edu 


é 
j 


H.S., New He 
Hyp 
be m b* + ad, making 
hy or } 
qual « und substitute for ts equa 
the est solution because of its clear wv 
ireque ntly pups 8a b substitu 
quantit takes the place of what othe 
ju n the change is made Uther good 
( ! Leland Davis, Dwinnell Elliott 


from the 
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& find the area of a decagon for which the length of one side ise(1+ 4/5) /4 
.s The apothem of a decagor hose side is b is [10+2,/5](./5+1)b/4 
f Hence the cle Ssireda area ; y \ 5 i10 T 2 \ 5|'- 16 
} Also solved by J. F. Ho R. H. Shanks, Culver Military Acaden 
; Howard E. Wahlert, Dickir H. S., Jersey City, N. J 
f 774. Proposed Michael Goldl Philadelphia, Pens 
re A point P is within a reg r tetrahedron and its distances from the 
.% vertices are 35, 4, 5, 6 ft i l he volume of the tetrahedron 
te Solu ne : oe Ho St 
oe Let O-ABC be the tetrahedron with side 2: P is a point such that Ch 
, OP ) AP - >. BP H, 4 PP j I Sing the customary, rectangu! r = 
ihe axes, we say the coordinates © are », O, o), Of A are (e, e+/3, 0), of B ria 
f are (e, e/ 1/3, 2e./2/3), of ¢ re (2¢ , and of P are (k, 1, » Then Ac 
i, | ] ” 4) 
2 Ze ” 16 
3 r Vo 25 
i } p \ ) Zz \ 360 
This set of equations be s ed by subtracting each equation 
from the first. Then 
bh k be 7) /4e ! / tes ) 
BS » > ‘ 
¥ m 2 4) D v 6 
: If these values are substitut equatio1 | ve ge 
12e4 —172 0 
so that l r 5.01 Pp ) side the tetrahedror The 
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Students’ 
Chemistry Desk. 
A favorite in many laboratories. The 

gas and water pipes, with convenient outlets, are 
placed under the lower shelf and directly over the trough 
Accommodates 16 students, working in sections of eight 


“For Science—Best” 


The use of superlatives we prefer to leave to those who have used Kewaunee 
Laboratory Furniture. From a letter from E. H. Black, Supt. of Schools, Healdton, 
Okla., we quote as follows 


We installed the Kewaunee furniture in our Domestic Science and Manual Training 
departments in September, 1919. Soon afterwards the building with all the furniture 
was destroyed by fire. We liked Kewaunee furniture so well that when our new building 
was ready to be equipped, we did not consider any other sort. All of our Science depart- 
ments are equipped with Kewaunee furniture because we are convinced that it is the Dest 
We heartily recommend it to any Superintendent or Board of Education desiring a high 
grade of furniture.” 


Good Laboratory Furniture need not be expensive, but it cannot be ‘“‘cheap.”" It must represent 
a reasonable expenditure for the quality of material and workmanship employed 


The new Kewaunee Book, the standard authority on Laboratory Furniture, should be in your 
reference library 


LABORATORY nocd fg. Ce. 


C. G. Campbell, Treas. & Gen. Mgr. 
114 Lincoln St., Kewaunee, Wisconsin 
New York Office, 
70 Fifth Avenue 


Canadian Sales Division, 
265 Adelaide St., West 
Toronto, Canada 


BRANCH OFFICES: 


Chicago Minneapolis Kansas City San Francisco Houston 
Denver Baton Rouge Little Rock Oklahoma City Columbus 
Phoenix Jackson, Miss Omaha Greensboro, N. C Spokane 


Albuquerque Salt Lake City 
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SCHOOL SCIENCE AND MATHEMATICS 


PROBLEMS FOR SOLUTION. 

786 Proposed by E. B. Ese ott, Oak Park, Ill 

Solve the simultaneous equations 

r? Wz a / Z b ri 

787. Proposed by L. R. Kellam, Culver Military Academy 

Five thousand cannon balls are to be piled im the form of a triangular 
pyramid, the base being equilateral. How many balls remain unused? 
What formulas are involved in this problem? 
788. Proposed by Smith D. Turner, Boston, Mass 

From a point P two tangents PA and PB are drawn to a circle of radius 
r The line from P through the center of the circle intersects the circle 
in (the nearer) point C, and (the farther point) D. If the length of PC 
equals the length of the ire ADB, what is the perimeter of the figure 
PADB in terms of 
789 P oposed by John J Sheeke J, af J ose pr 's Normal I nstit ile, 1 m- 

mendale, Va jiand 

If the bisectors of the angles of a parallelogram are drawn, how many 
different figures can aris 
790. For high school pu; Proposed by I. N. Warner, Platteville, Wis 

Six holes equally spaced in a straight line are to be bored with a 5/16 
inch bit. If the outermost edges of the two end holes are 12 inches apart, 
how far apart are the centers of two consecutive holes? 


SCIENCE QUESTIONS. 
Conducted ne Franklin t. Jones. 
The White Mo mpany, Cleveland. O} 


Readers 1r¢ ’ he lo propose questiu lo Nution screntif ‘ peda- 
gogical— and toan er questio ] »posed by othe rr by themse ex Kind y 
address all communicat to fF n 7’. Jones 10109 Wilbu { S Ff 


Cleveland, O} 
Please ied examination papers on any subject or from any 


source to the Editor of this Gapartment. He ll reciprocate by 
sending you ich collectior ie ( as may interest you and be at hi 
disposal. 

School examinations ( eulat desired Send with your 


papers now 
Newspaper items contain many interesting problems—frequent! 
much pseudo-scienc: Send then 


PROBLEMS AND QUESTIONS FOR SOLUTION. 


The Editor would like to hear from others coneerning Mutt and Jeff's 
ideas on pl LVSICS Doe siience g e consent’ Which wav? See the 
pictures in ScHoo. Scienci » Maruematics for February, 1923 
4107 Propo ed by Williar } }? ( hion Uy é j fJmaha Vel 

Bud Fisher and Phy 

A ew vears ago Bud iy e! rey Mutt na leff cartoon im wi ch 
Jeff proposed to use magnil ng spectacies when playing basebal Mutt 
replied that, while the glass« vould make the ball ippear as Dig as a 
football, they would also magnify the distance between the ball and the 
bat and make first base seen mile aw 

Que slion J Could single ler like i spect cle ens show the whole 
baseball at once 

Question 4 How near would the ball have to be? 

Question } Is this a JOKE r et? lf the principle is false. wherein 


does the fallacy lie? 


108. 409. 410, 411 See iry Education Exan lion fi Scotlay 
EXAMINATION PAPER. 
Please send answers to Nos. 408, 109, 410, 411 


Elements of Dynamics. 


Seconda j Education scotia Lea ing Certificate I raminatior V 7 
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THE DALTON, No. 2100 





LABORATORIES 


EQUIPPED COMPLETE 


TO GIVE ENDURING SATISFACTION 


M ANY of the country’s finest schools are equipped with 
Wiese Laboratory Furniture. 
Laboratories of the new Bay City (Michigan) High School, 
which cost close to a million dollars, are equipped com- 
pletely with Wiese Laboratory furniture Our engineering 
staff is at your service, at no cost to you, for complete plan- 
ning of or for constructive suggestions on the scientific and 
economical layout of your laboratories Consult with us 






















Ask for our New catalog, No. 
24. Keep it in your Files. 


Wiese Laboratory 
Furniture Company 


Engineers and Builders. 





OT Fa AME htm > = ~~. 
a A latin ae 






Standard or Built-to-Order Educational and Technical Furni- 
ture for Physics, Chemistry, Agriculture, Biology, Household 
Economics, and Manual Training. 

Tweltre Sales Offices throughout the Country. Address In- 
quiries to: 











FACTORY: Manitowoc, Wisconsin 
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394 SCHOOL SCIENCE AND MATHEMATICS 


Before attempting to answer any question, candidates should read the 
whole of it very carefully, since time is often lost through misapprehen- 
sion as to what is really required. 

The value attached to each question is shown in brackets after the 
question. In addition, 10 marks are allowed for neatness and good style 

1. State, without proof, the parallelogram of velocities 
408. An airship steers for an objective 260 miles due west of its base 

at a uniform speed of 52 miles per hour. A steady current of air, un- 

known to the pilot, is blowing due north at 20 miles per hour and 
affects the course of the ship 

Indicate on a diagram to seale: 

(1) Where the airship ought to have been at the end of 5 hours; 
2) Where it actually is at the end of 5 hours; 
3) What course it actually followed 

What is its distance from its objective at the end of 5 hours? Indicate 
on the diagram the course it ought to have steered, and calculate how long 
it would have taken to reach its objective had this course been followed 
(15 
2. A particle has a uniform acceleration in a straight line of 1.25 ft 
per sec. per sec. If its start from rest and moves 5 seconds, draw the 
velocity-time diagram and the space-time diagram, choosing suitable 
scales m each case. How far did it move in the fourth second of its 
motion? 

409. Convert an acceleration of f miles per hour per hour into an equiva- 

lent aéceleration when the units are the foot and the second 15 
410 A metal plate of uniform thickness is in the shape of a rectang 

ABCD, where AB = 6 ft. and BC 4 ft A square of side 1 foot is 

removed from each of its corners A and B. Find the center of gravity 

of the plate so altered 

Jf a line is now drawn across the plate as altered bisecting CD at right 
angles, find the center of gravity of each portion into which it is so divided 
(15) 

4. A weight of w pounds hangs vertically at the end of a string 1 foot 
long, the other end being tied to a fixed support. The weight is pulled 
aside by an attached thread If the string now makes an angle of 45 
with the vertical, and the thread an angle of 30° with the horizontal find 
the pull in each 

Through what vertical height has the weight been raised? Caleul 
the work done in foot-pounds What energy would the weight have ac 
quired in falling freely through this height under the influence of gravit 
(15) 

411. A golf ball measures 1.62 ins. in diameter and weighs 1.62 o: 
avoirdupois. Will it float or sink in water? Show your ealeulations in 


) 
} 
ie 


te 


\ 


full and work them to the degree of accuracy justified by the given 
figures. 

(A eubie foot of water weighs 1,000 oz. and the volume of a sphere is 
4/3xr*, where r is the radius 15 


6. State Boyle’s Law 

A mercury barometer with a perfect vacuum at the head of the tulx 
stands at 29.76 ms. A small volume of air is introduced into the vacuum 
and the mercury is depressed to the level 28.27 ins. Find as a fraction o 
the pressure ol the atmosphe re, the pressure exerted by the in prisone d 
air. 

What additional fact would you require to know in order to calculate 
the volume of air at atmospheric pressure that has been introduced? (15 


SOLUTIONS AND ANSWERS. 
From Swedish Examination—‘‘Uppgifter in Physik,"’ April, 192 
(Solutions continued from a previous number of ScHoou SCIENCE AND 
MatTuematics. Translations by Mr. Olle S« hjélin. 
5. On a test tube 12 em. deep, filled to the brim with water, is placed 
a thin plano-convex lens so that the flat side of the lens touches the water 
surface 
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OUTLINES IN MATHEMATICS 


ROBERT R. GOFF 


j. Algebra, Part I Loose-Leaf. Theory with mod- 
els to be completed, of col- 
lege board new _ require- 
ments. 

Similar to Part I. Complete 
college board new major re- 


2. Alegbra, Part II 


3. Observational Geometry quirements. 
and Loose-leaf. A complete text- 
Numerical Trigonometry book. 
4. Drill Book in Plane A text-book for reviews or be- 
Geometry ginners, with emphasis on 
method. 


These Outlines and this Drill Book are based upon “how we 
study.”” They help the student (1) Search out and write down 
important principles. (2) Classify them and arrange in small 
groups. (3) Summarize each group for future use. 


Price for each Outline withcover . . 50 cents 
Price for Drill Book . . . =. . . One Dollar 


120 Boylston St. THE PALMER COMPANY _ Boston, Mass. 























REVIEW QUESTIONS 


Twelve Thousand Questions in Eighteen Booklets 


Algebra Plane Geometry 
Chemistry Solid Geometry 
Physics Trigonometry 


Siz Pamphlets by Franklin T. Jones 
French Grammar Review—American History and Civics—Ancient 

History 
Three Pamphlets just published —compile d by Expe rt Teachers 

Other Pamphlets 
French A, French B; German A, German B; First Latin, Second Latin; 
Medieval and Modern European History (inciuding English History); Question 
Book on History; English. 


Price, each pamphlet, 50c. except English, Second Latin and French 
Grammar Review, 60c. Sample copy to a teacher half-price when money is 
sent with the order 

Liberal discounts for Class Use 


Published wal ine Sale by 
THE UNIVERSITY SUPPLY & BOOK CO. 


10109 Wilbur Ave., Cleveland, Ohio. 
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The radius of the convex lens surface is 4 em. and the refractive index 
of the glass Is 3/2 Where will the Image of a plece pl ced on the bottom 
of the test tube fall? 

The index of refraction for water is 4/3 

Solution by John Lundberg, Géteborg, Sweden 


For the refraction at the first lens-surf ice, the formula 


] a--n/z } l . 
Where a distance from lens to the piece, 
the image distance, and 
n the index of refraction 
radius of the lens surface 
For the first surface, 12, n 3/4 *3/2 9/8, 
Then 1/12+9/S8a2 0, hence z 27/2 
For the second (upper) surface, a 27/2, 1 2/3, 7 1 
Then 2/27 +2/3y 1/3 41, hence y 72 
A? Then the image will fall 72 em. beyond the lens 
6 Of two galvanic batteries, one has an electromotive foree of 1.5 
volts and internal resistance of 3.2 ohms, and the other has an electro- 
motive foree of 1.2 volts and an internal resistance of 0.7 ohn 


Each circuit is closed by a wire but the resistance in these wires has to 
be adjusted so that the current in both circuits is the same and so also 
that the heat which is develope | during the same time is the same n both 
external circuits 

What is the resistance in the two wires 

Solution by Joh L i? 


Call the resistances x and y ohms 
The current in each branch is then 
81 1.5/(3.2 ind 1.2/(.07 
But, if the se currents are equa ind the energ’ eveloped is the rie 
the resistances must be the same 
So z /, and 
1.5/(3.2+2 1.2/(0.7 , Hence 95 
Answer Each wire must | e a resistance of! 9.5 


7. Two batteries, with electromotive forces of 20 and 24 volts and re- 
sistances of 2.8 and 4.2 ohms respectively, are connected in parallel by a 
wire with a resistance of 54 ohms 

How strong is the current which passes through each batter 

Solutior by Ur L indove 


Let s,, be the current through the first battery, and be the current 
through the second batter ecording to Kirchhoff’s Lav 
2.3 Sit 54 20) 


0.3386, and 3s U.4 200 


42 82.+54 24 

Hence, 8; 
Answer—Through the first battery a current of 0.339 imperes passes 

in a direction opposite to the battery’s own current; through the second a 


eurrent of 0.727 amperes passes 


ILLINOIS ACADEMY OF SCIENCE. 

The next meeting of the [Illinois Academy of Science will be at Galesburg 
May 3, 4, and 5th. Any paper that you may have for the chemistry and 
physics section will be welcome. You are invited to send the title of your 
paper together with a short abstract (about one hundred words) to Mr 
R. D. Mullinix, Chairman of the Section, Rockford Coll ge, Roekford. 
Illinois. Please get your title in by February 26th, so that it can be for- 
warded to the Secretary of the Academy by the Ist of March 


ERRATUM. 
The article on page 112, February issue, should have been credited to 
W. W. Sleator, the University of Michigan 
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“No subject in the secondary school course of study touches the 
student’s life more closely t} an elementary phy sics k rom the time 
the pupil opens the water faucet in the morning until he snaps off 
the electric light upon retiring, he is constantly applying or observing 


some of the principles of physics.” 


From the Preface to 


Essentials of Modern Physics 


BY CHARLES E. DULL 
South Side High School, Newark, N. J., and the Newark School of Technology. 








A text that strikes the correct balance between theory and application 
One comment: ‘The book is intensely interesting from cover to cover Che illustrations are good and 
the problems are excellent 


HENRY HOLT AND COMPANY 


Boston Chicago San Francisco 


New York 











Slide Rule Class at Hyde Park High School, Chicago, Ill. The Slide Rule 


»? IN TRIGONOMETRY 


The use of the Slide Rule 
as a check in Trigonometry 
is now regularly taught in col- 
Our 


self-instruc- 


leges al d high Ss( hools. 
manual makes 


tion easy for teacher and 


student. 

Write for descriptive circu- 
lar of our Slide Rules and 
information about our large 
Demonstrating Slide Rule 
for use in the class room. 


KEUFFEL & ESSER CO. 


NEW YORK, 127 Fulton Street General Office and Factories, HOBOKEN, N. J. 


CHICAGO ST. LOUIS SAN FRANCISCO MONTREAL 
516-20 $. Dearborn St. 817 Locust St. 30-34 Second St. 5 Notre Dame St. W. 


Drawing Materials, Mathematical and Surveying instruments, Measuring Tapes 
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SCHOOL SCIENCE AND MATHEMATICS 


FRANK ARONSON. 

The death of Mr. Frank Aronson at his home in Chicago on March 13 
brings to a close the life of a man who prébably exerted a greater influence 
on the development of apparatus for the teaching of physics in high 
schools in America than any other single individual. From early boyhood 
until within a few months of his death, the building of apparatus was his 
chief interest, outside of his home 

The awakening of this interest Mr. Aronson himself attributed largely 
to the falling into his hands when a boy of a large illustrated German 
catalog of physical apparatus. With no other guide than the illustration 
and brief text of this catalog, he amused himself by constructing all sorts 
of apparatus. His first static machine employed as the collector disks 
the large two-cent copper coins in use at that time 

After a thorough mechanical training in the shop of his uncle, Mr 
Aronson established a shop of his own where he made mechanical models 
of all sorts for inventors. In the latter part of the eighties, he jomed 
forces with Wolmsly-Fuller, who established one of the first apparatus 
supply houses in Chicago, probably the first for physical apparatus 
After this firm had sold out, he continued in his own shop to make appar 
ratus for various school supply companies, including the National School 
Furnishing Co., the W. A. Olmsted Co., Central School Supply Co., and 
Alfred L. Robbins Co. At this time the equipment of a high school 
physics laboratory consisted primarily of a static machine, an air pump 
and a rotator, in the development of which to their present forms Mr 
Aronson played a major part 

When the reorganization of the Central Scientific Company, under 
its present management took place in 1904, Mr. Aronson was invited 
to assume charge of design and manufacture. ‘With the rapid growth of 
this concern he found full opportunity for the exercise of his unique ability 
in the design of apparatus, and one new model after another was placed 
on the market. To turn back through the advertising pages of th 
volumes of ScHoot Sci—ENcE AND MATHEMATICS is to read the history 
of the development of physical apparatus for high schools, and very 
largely the story of the achievements of Mr. Aronson, 

The St. Louis Motor, Triple Beam Balance, Agate Bearing Trip Scale 
Motor Rotator, Dissectible Dynamo, Nodon Valve, Gas Engine Model, 
Hartl Optical Disk, Dial Type Pascal’s Vase Outfit are only a few of the 
me standard equipment in the high schools 


many pieces which have be 
the present forms which are due to Mr 


and colleges of this country 
Aronson’s genius 

Chicago high school teachers of some years’ experience will readily 
recall the eagerness with which he welcomed any idea or suggestion which 
might lead to a new piece of apparatus or the improvement of an old one, 
and the quickness with which he grasped the scientific principles involved 

With his death, it may be truly said that another pioneer has passed 
away. 
ARTICLES IN CURRENT PERIODICALS. 

American Botanist, for February, Joliet, Jll., $1.50 per year, 40 cents a 
copy. “The Resurrection Fern,’’ Willard N. Clote; ‘‘Botanical Notes 
from Tahiti,’’ J. V. Stancliff; ‘‘Botany for Beginners,’’ Willard N. Clote; 
“The Charm of Bare Boughs,’’ Adella Prescott; ‘““Value of Practical 
Botany,” ‘“‘Plant Names and Their Meanings,’’ Willard N. Clote 

American Journal of Botan V. for February, Brooklyn Botanic Garden, 
$6.00 per year, 75 cents a copy 

“Alternation of Sexes and Intermittent Production of Fruit in the 
Spider Flower (Cleome spinosa),’”’ A. B. Stout; “Internal Decline of 
Lemons I. Distribution and Characteristics,’ E. T. Bartholomew, J 
T. Barrett, and H. 8. Fawcett; ‘“‘The Relation of Temperature to the 


‘ 


Fusarium Wilt of the Tomato,’ Edward E. Clayton; ‘‘Amylase in th 



































! 


LAN JA ALAR A SD 


SAA AI 








ZAZA LAVA TIARA ZA OO OZ ZT) 








SAAT ZN 
> 

















MULT BV AG AV A Fa) 



























DISSECTING INSTRUMENTS 
Send for Catalog 21-S 


Listing a full line of Instruments, Microscopes, Prepared 
Slides, Magnifiers, Microtomes and Supplies. 





E.U).A.ROUSLES CO. 





“MANUFACTURERS: 
SCHOOL FURNITURE AND SUPPLIES 
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2345-51 SO. LA SALLE ST. 


CHICAGO, ILL. 
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Spores of Rhizopus Tritici and Rhizopus Nigricans,’’ L. L. Harter and 
J. L. Weimer; “Observations on the Causes of Gregarious Flowering 
in Plants,’’ William Seifriz 

American Mathematical Monthly, for October. Lancasteé : Pens ~ $5.00 


per year, 60 cents a copy Contradictions in the Literature of Group 
Theory,’ G. A. Miller; ‘‘Statistics’’ in a Mathematical Encyclopedic 
Dictionary, H. L. Rietz; “George Bruce Halstead, F. Cajori (mong 
My Autographs: 28. De Moivre Expresses Himself,’ D. E. Smith; 
Questions and Discussions 

Condor, for January-February, 770 South Pasadena Ave... Pa adena, 
California, $2.00 per year, 40 cents a copy ‘A Study of the Flight of Sea 
Gulls (with 11 photographs and 2 diagrams,’’ Robert C. Miller; “A 
National Bird Day, Althea R. Sherman; ‘Fifteen Arizona Verdins 


Nests Florence Merriam Bailey; ‘‘Migrations of the Golden and Black- 
bellied Plovers in Alberts,’’ William Rowan; ‘‘Thoughts on English Names 
for Birds in the A. O. | Check-List, VW L. McAtee: Comments on 
[T'wo Recent Numbers of Bent’s Life Histories of North American Birds 
G Willett 

Education, for Februar 120 Boylston St., Boston, $4.00 per ye 10 
cents a “Social O} jectives ol Education in a Democr Henry 


Harap; ‘Mental Yardsticks ir (Juestion, . & Mathes; \ Proje t on 


Egypt,’’ Helen K. Brett; The Use of Pictures as Illustrative Material 
in Modern Language Teaching Prof. L. L. Stroebe 

Journal of Geog? iphy, tor | ebruary, 2249 Calumet Ave.. Ch ago, 32.00 
per year, 25 cents a copy Notes on the Hawaiian Islands,’ Dr. Stephen 
S. Visher; ‘The Commerce of the Hawaiian Islands—A Seventh Grade 
Problem, Marg ierite Uttle Che Tropi al Zone from the W hite 
Man’s Standpoint,’’ Grant E. Finch; “Agriculture in the Time of Ver 


gil, Saran L (;rime 


Nature Magazine, for January, 1214 16th Street, Washington, D. ¢ 


$2.00 per yea Johnny and Paddy, Two Baby Beavers,’ Vernon and 
Florence Merriam Bailey; Fish That Climbs Trees, Nature Calendar 
for January, Legless Tree and (¢ rop Guards,’’ Gayne T. K. Norton 


‘‘Winter Feeding of Birds, Ernest Harold Baynes: “‘The Red Birch, 
L. W. Brownell 


Natu e-ludy Re Lor J nuary, Ithaca, Neu Yo . $1 50 


20 cents a copy Nature and Americanization,’’ Christena Feat Kdu- 
cation Through Nature-Study, I L. Griffin; “California Bird Friends, 
L W Welch: Training Teachers for Nature-Study ind Elementary 
Agriculture, G. W (raves California Schools and Nature-Stud 

H CU Bryant; Nature-Stud Material in ( ilifornia, J H | 


‘Apriculture in the City High School, H. ©. Jenkins; “Correlating 
Elementary Agriculture and Home Economics N. Bennett Nature 
Magical Wand,’ Ora A. Powell 


Photo-Era, for Februar Wolfeboro, N. H., $2.50 per year, 25 cents a 
copy Right Side Up With Care!’’, H. P. Webb; “What ‘Pictorial 
Means,”’ C. A. Burrell; ‘‘Photographic Exhibitions and County-Fairs 
A. H. Beardsley; ‘‘Pictorial Photography—-A Means of Expression 
William Hodgkinson, Jr Obtaining Large Images with a Short-Bellows 
Graflex,’’ Charles P. Barber; ‘‘Exposures in Copying,’’ D. Charles; ‘‘The 


Sepia-Toning of Bromides,”’ J. Ronson Hall; “‘Photographing and Climb 
ing Mt. Washington in Winter,’ Harold Irving Orne; ‘“‘Some Work-Room 
Hints, Charles \ Harris: M iking a Vertical Knlarger Without Cor 
densing-Lenses,’’ A. H. Scott 

Popular lstronomy, for March, Northfield, Minn., $4.00 pe iT 
“The Telescope Makers of Springfield, Vermont, One Way of Absorbing 


Astronomy,’ Russell W. Porter; ‘‘Venus and the Moon Gilbert P 
Chase; ‘‘Partial Eclipse of the Moon, 1923, March 2,”’ William F. Rigg 
“Climatic Changes,”’ Rev. W. E. Glanville; ‘‘Variable Stars, an Appeal 
to Amateurs,’ W. F. H. Waterfield; ‘“‘Report of the American Meteor 
Society for 1922,’’ Charles P. Oliver; ‘‘Errors of Latitude,’’ R. H. Tucker; 
‘Twenty-nanth Meeting of the American Astronomical Societ Kdward 


Barnard, with Plate X Philip Fox 


Emerson 




































Microscope No. 64B 
with 10X eyepiece, 16 
m/mand 4m/m objec 
tive, double nose-piecce, 
iris diaphragm. €om- 
plete in cabinet, $64.00. 
Discount to Schools. 


SPENCER 
MICROSCOPE 
No. 64 


with side-fine adjustment, lever type, is 





An Ideal Instrument For High School Use. 


Among its many advantageous features are 
these: 
I. Obje tive |» ses mounted directly into the 


metal mount. avoiding the use of Canada Balsam 
to hold them 

Il. Fine adjustment so constructed avoid 
breakage of cover glass when focused down 


as to 


upon it 
III. A fool-proof fine adjustment, with 34 threads 
of the screw always engaged instead of but one, 
as in others 


CATALOG SENT ON REQUFST. 


SPENCER LENS CO. 


Manufacturers 
Microcopes, Microtomes, Delineascopes, 
Scientific Apparatus 


BUFFALO, N. Y. 


SPENCER 


SPENCER 
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The LAKE Mathematics Series 


For the High School 
Edited by GEORGE W. MYERS, Ph. D. 


Professor of the Teaching of Mathematics, 
University of Chicago 





Hamilton and Buchanan ELEMENTS OF HIGH SCHOO! 
MATHEMATICS $1.20 

=} 0 Myers and Atwood ELEMENTARY ALGEBRA 120 | 
= Palmer and Taylor PLANE GEOMETR4 120 | 
S| Palmer and Taylor SOLID GEOMETRY 1.20 
=} = Palmer and Taylor PLANE AND SOLID GEOMETRY 140 | 
= | 
=| Inquiries from those who are interested in purposeful texts in these 
= subjects will receive prompt attention 
: F dC 
E Scott, Foresman and Company | 
=! } 
=} CHICAGO ATLANTA NEW YORK 
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School Review, for February, University of Chicago Press, $2.50 per 
year, 30 cents a copy. ‘Educational News and Editorial Comment,” 
“The Los Angeles High School Curriculum,’’ W. W. Charters; ‘‘Bobbitt’s 
Curriculum-making in Los Angeles,’’ David Snedden; Curriculum Re- 
construction in the High School,’’ Thomas H. Briggs; ‘‘An Experiment in 
Organization and Administration of High-School Extra-Curricular 
Activities,” Cloy S. Hobson; ‘‘The Administration of Consolidated Rural 
High Schools,” O. H. Greist; ‘‘An Accounting System for High-School 


Organizations,’ L. F. Jolley; ‘“‘The Present Status of Biology in the 
Secondary Schools,’ Oscar W. Richards 

Scientific Monthly, for March, Garrison, N. Y., $5.00 per year, 50 cents 
a copy. ‘“‘Mendel and His Contemporaries,’’ Professor Kk. M. East; 
“The Bearing of Mendelism on the Origin of Species,’’ Professor T. H 
Morgan; “Galton and Mendel. Their Contribution to Genetics and 
Their Influence on Biology,’’ Dr. J. Arthur Harris; ‘‘A Permanent Me- 
morial to Galton and Mendel,’’ Professor George H. Shull; ‘‘Pasteur, The 
Man,” Dr. Erwin F. Smith; ‘‘Furred Forest Planters,’’ Dr. J. V. Hof- 
mann; ‘‘Certain Economic Reactions of the War,’’ Prof: r James 


Mayor; “Social Life Among the Insects,’’ Professor William Morton 
Wheeler. 


Torreya, for January-February, 8 West King Street, Lan t Per 
$1 00 per year, 30 cents a copy ‘‘Notes on the Ballast-Vegetation at 
Linnton, Oregon,’’ James C. Nelson; ‘“‘The Flora of the Town of Sout! 
old,”” Burnham and Latham: Shorter Notes: ‘“‘An Intensive Local 


Study in Rhode Island,’’ H. M. Denslow; ‘‘Rudimentary Sporangia on 
the Royal Fern,’’ G. T. Hastings 


BOOKS RECEIVED. 


Introduction to Plane Analytical Geometry and Different Caleulus 
by Clifford N. Mills, Heidelberg University, Tiffin, Ohio. Pag i+131 
14x20em. Cloth. 1922. $1.50. P. Blakiston’s Son & Co., PI delphia 

Anatomy and Physiology by Elizabeth R. Bundy, Superi dent of 
Training School for Nurses, New Haven. Revised by Martha Trae 
Woman's College of Penn, and Grace Watson, Philadelphia Hospital 
Training School for Nurses. 266 Illustrations. Pages xv +442. 15x22.5 
em. Cloth. 1923. $2.50 net. P. Blakiston’s Son & Co., Philadelphia 
Penn. 


The Quantum Theory, by Fritz Reiche, University of Breslau, tra 
lated by H. S. Hatfield and Henry IL... Brose, 15 diagrams, 183 pa: 


13x19.5 Cen., cloth, 1922, $2.50. E. P. Dutton and Company, New \ 
Automotive Manual by Albert L. Tavior and H. Blake, | 
Utah. Pages vii+178. 15.5x23.5 Cen., paper, 1923. Macmillan ¢ 


pany, New York City. 
Plain and Solid Geometry by Herbert E. Hawkes, Columbia Univers 
William A. Luby, Junior College of Kansas City, and Frank C. Touton, 


University of California. Pages vii +496, cloth, 1923, $1.60. Ginn and 
Company, Boston, Mass 

A Little Book on Water Supply by William Garnett, St. John’s ‘ ege, 
Cambridge. Pages xv +144, 15x22 Cen. cloth, 1922, Cambridge Eng 


University Press. 

Health Public and Personal by Ralph E. Blount, Waller High Se} 
Chieago. Pages x +316, cloth, 1922, Allyn and Bacon, Chicago 

Introduction to Plane Analytical Geometry and Differential Caleulus 
by Clifford N. Mills, Heidelberg University, Tiffin, Ohio. Pages xi+131, 
cloth, 1922, $1.50. P. Blackiston’s Son and Company, Philadelphia 

Geology and Mineral Resources of the Morris Quadrangle by Harold 
E. Culver. Ptges 113, 15x2%° Cm. paper, 1922, Univerity of Illinois 
Press, Urbana. 
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THE AMERICAN MATHEMATICAL MONTHLY 


OFFICIAL JOURNAL OF 


The Mathematical Association of America 


Is the Only ‘Journal of Collegiate Grade in the Mathematical 
Field in This Country 


This means that its mathematical contributions can be read and under- 
stood by those who have not specialized in mathematics beyond the Calculus. 

The Historical Papers, which are numerous and of high grade, are based 
upon original research. 

The Questions and Discussions, which are timely and interesting, cover a 
wide variety of topics. 

Surveys of the contents of recent books and periodicals constitute a valuable 
guide to current mathematical literature. 

The “Topics for Undergraduate Mathematical Clubs” have excited wide 
interest both in this country and in Great Britain. 

The Notes and News cover a wide range of interest and information, both 
in this countey and in foreign countries. 

The Problems and Solutions hold the attention and activity of a large 
number of persons who are lovers of mathematics for its own sake. 

There are other journals suited to the Secondary field, and there are still 
others of technica! scientific character in the University field; but the monthly 
is the only journal of Collegiate grade in America suited to the needs of the 
non-specialist in mathematics. 

Send for circular showing the articles published in the last six volumes. 


Sample copy and all information may be obtained from the 


SECRETARY OF THE ASSOCIATION 
W. D. Cairns OBERLIN, OHIO 














Headquarters for 


Assay, Bacteriological and Chemi- 
cal Laboratory Apparatus, Chemical 
Reagents, Drugs, Minerals and Stains 


Amongst our laboratory specialties, we may mention the following: 
Replaceable Unit Electric Furnaces; Freas Electric Ovens; Barn- 
stead Stills; Wysor Polishing and Grinding Apparatus; Juerst 
Ebullioscope; Hortvet Cryoscope; Gramercy Reagent Bottles; 
MacMichael Viscosimeter; Bingham and Green Viscometer and 
Plastometer; Bausch & Lomb and Spencer Lens Company 
Microscopes and Microtomes, etc. 

Write for more detailed information stating your requirements. 


EIMER & AMEND 


Established 1851 


T , 4 ‘$3 r 
Washington, D. C., Display New York City PITTSBURGH BRANCH 
Room, Evening Star Bidg. Third Ave., 18th to 19th St. 8085 Jenkins Arcade 
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Rapid Arithmetie by T. O’Conor Sloane, Pages VIII, 199. 13x19 em. 
Cloth, 1922, $1.50 Net D. Van Nostrand Co., New York City 

Agriculture for Southern Schools by John F. Duggar, Alabama Polvy- 
technic Institute. Pages X +369, eloth, 15x19 em. 1923 Maemillan 
Co., New York City. 

Seventeenth Annual Report of the Carnegie Foundation for the Ad- 
vancement of Teaching by the Officers Pages vii+211, 19x25 cm 
paper, 1922, The Merrvmount Press, Boston, Mass 

POOK REVIEWS. 
The Automotive Manual by Albert L. Taylor and H. Blake, University 


Utal Pages vii +178, 15.5x23.5 em Paper, 1923 Maemillan { 
pany, New York Cit 
There have been man books reeently written bearing upon the s ib- 


ject matter as indicated in the name of this book, but the writer has not 
been able to find one more comprehensive, more clearly written, and more 
up-to-date than this particular book. It is one that all automobile owners 
and drivers ought to own in order to familiarize themselves with the 
working parts and operations of the particular car which they may be 


driving. The principles of the machinery used in the ear are clearly) 


brought out in the discussions It is clearly written, the dietion is fine 
and it makes good reading There are 36 chapters, each chapter closing 


with a list of questions bear ng upon the work discussed in that ch pte! 


Also, there is an experiment given at the end of each chapter, which if 


earried out will surely familiarize the student with the discussion that has 
taken plac Major paragraphs all begin with boldfaced tvpe which ind 
cates the subject matter discussed in thos« par iwraphes It would be 4 


wonderful he lp to any on who wishes and hope 8s to do repairing on his 
1] 


injured tutomobils These are 64 well selected cuts It is well indexed 


and the writer Speaks Tor i rg?’ sate of this part eulat hoo 


Illustrated Mathematical T'a P Is of the I In Schoo T" he 
Colleae Vi } rk ¢f f 


This pamphlet gives interesting series of talks by the pupils at a 
meeting ot the Parents-Teachers \ssociation, an introd etion bi Dy 
Caldwell and brief articles by Raleigh Sehorling and William Betz lhe 
talks show that these pupils of the seventh to the eleventh grad shavea 
clear conception of their work in rT iphs and geomet und are of cons d 
erable interest to teachers of Mathematies H | ( 
Introduction to Plane Analytical Geomet umd Differential Ce il / 

Clifford N. Mills, B.S M.A Profe of Mathe if  Heidelhe 

Unive ty, Tiffin, Ohio Pages xi+131 14x20 em 1922 Pp 
Blakiston s son and ('o., Phil ide Iphia This text include Ss a semesters 
work in mathematies fer eoll ge freshman classes It presents the funda 
mental principles and gives a natural introduction to more advanced 
eourses Emphasis is placed upon the meaning of a function, and the 


unportance of the locus of an aleebraic e juation The derivative ts used 


in getting tangents and normals to e irves, In Maxima ind minima sues 

and in rates. Rigorous proofs are omitted and ecaleulus is based on the 

method of limits H. FE. C 
Supert nq Principal, Palmyra, N. Y Pages xvi+-24l 13x19 em 


1922 The Maemillan Company, New York City 
The importance of supervised study is beginning to be recognized by 


a few teachers, but at the present time there is no generally accepted 
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Leadership and Service 


Continuous leadership is the goal for which all strive but few attain; 
to be first in any endeavor year in and year out is an accomplishment 
that can only result from real merit. LEONARD PETERSON & 
CO., Inc., have beenfworking steadily for more than thirty years on 
the improvement of its product 
thru manufacturing efficiency 
and better design. 

We believe it is a very 
decent warrant of stability 
to serve one thing faithfully 
for so long and thru just 
such service we have gained 
the leadership in the lab- 
oratory furniture line. 

Send for our Catalog No, 11-D 


Leonard Peterson & 


Co., Inc. 
Office and Factory: 
1222-34 Fullerton Ave. 
CHICAGO 









































Back numbers of School Science, Schoo! Mathematics, and School 
Science and Mathematics may be had for 30 cents a single copy. 
The Mathematical Supplements for 15 cents a copy. 


In sets the prices are, postpaid: 
School Mathematics and Supplements, Vol. I, five numbers... $1.00 


School Science, Vol. I, seven numbers... 20. ee nen 5.50 
School Science, Vols. II, 7 numbers __............... 5.00 
School Science, Vol. 3, eight numbers... eR EPS: male 5.50 
School Science, Vol. IV, three numbers.__................ PE ie LL .75 
School Science and Mathematics, Vols. V, VI, VII, VIII, IX, 

X, XI, XII, XI, XIV, XV, XVI and XVII, each —_........__... 2.00 


School Science and Mathematics, Vols. XVIII, XIX, XX, 
© OOO 6605 666+ 6 55555556655 5555 5056 6 505 68S S CESSES 2.50 
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For your laboratories, 
Domestic Science De- 
partment and for light- 
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In use in hundreds of 

educational institutions 
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a . try. 

Write to us for a list of colleges and high schools using our machine 

Illustrated Catalogue Will be Sent on Request. 


MATTHEWS GAS MACHINE CO. 
6 E. Lake Street CHICAGO, ILLINOIS 
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meaning of that term. Because of this and other reasons principals 
and teachers should read this book to get a new point of view for their 
classroom work. Each book in this Supervised Study Series is written by a 
teacher who has had considerable experience in this type of work, and the 
purpose is to make concrete in as detailed description as possible, what 
the author has actually done in his own classroom. Teachers are urged 
‘“‘to adapt rather than adopt the methods suggested in these lessons.” 
Seventy-six pages are devoted to the teaching of algebra, thirty three 
to plane geometry, six to higher mathematics, sixty one to biology, and 
fifteen to physics. While others are giving so much time to questions of 
reorganization of subject-matter and to standardized (?) tests wide- 
awake teachers will find in this book immediate means of making their 


efforts much more effective H. E. C 
Shop VU athematics, by John M. Christman, Formerly S .per or of Mathe- 
matics, Ford Motor Apprentice School. Pages x +321+1xiii. 13x19 em 


1922. The Macmillan Company, N. Y. 

Since this book is intended for self-study as wel! as for students in regu- 
lar classes it may be well-advised that so many solutions of problems are 
included in the sixtv-three pages of solutions and answers. The methods 
used in explaining the problems are simple and original, and are adapted 
to those who have a limited knowledge of mathematics. The large num- 
ber of original drawings, about five hundred, are intended to teach 
mechanical principles as well as to furnish a basis for the problems under 
consideration. They should require little explanation to give the student 


| teach him 


a clear conception of the solution of the problem, and they wil 
the value of drawings in the shop. A careful study of this book will en 
able one to solve most of the problems in actual shop practice 
The fundamental principles of arithmetic, mensuration, and angl 

functions are carefully presented, and the tables of factors for use in 
gearing, decimal equivalents, and the trigonometric tables are valuabl 
for reference in practical everyday work. On the whole this seems 
to be one of the best of the books on this subject H. EB. C 


Analytic Geometry, by Clyde E. Love, Ph. D., Associate Professor of Mathe- 
matics in the University of Michigan. Pages xiii+306. 14x20 em 1923 
The Macmillan Company, New York. 

It is not easy to write a temperate review of this book since it is in such 
close accord with the writer’s settled judgment as to the way in which this 
subject should be presented to students. The explanations are unusually 
full and emphasize the fundamental methods so that the student can think 
things out for himself instead of trying to memorize formula The 
problems are abundant, and illustrate and require a variety of methods 
of attack. Emphasis is placed on geometry rather than on analysis 
The book departs from custom in many cases to advantage but the 
inclusion of a chapter on empirical equations would make it more va 
to engineering students H. E. C 


iab 


Health, Public and Personal by Ralph E. Blount, Waller High Sci 
Chicago. Pages x+316. Cloth. 1922, Allyn and Bacon, Chicago 
This book comes from the press at a most favorable time in its endeavor 

to promote the health of people and communities. Any one reading thé 

book cannot help but be impressed with the desire to do more than th: 
have been doing in order to keep themselves physically fit. Functions of 
the body are discussed in a very satisfactory manner. Various topics 
discussed are treated in a very simple way and made very practical and 
interesting. Effort has been made to furnish that material which 
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William Gaertner & Co. 


5347-49 Lake Park Avenue, Chicago, U. S. A. 
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STUDENTS’ POLARISCOPE 
AND ACCESSORIES 





A Scientific Instrument Showing by the Interference of Light Waves the 
Remarkable Color Effects of Polarized Light. Provides One of the 
Most Fascinating Experiments in Elementary Physics and Con- 
stitutes a Never-ending Source of Instruction and Enjoyment 








—————— 


The instant favor with which our larger Polariscopes were received, 
has led us to offer a smaller instrument containing all essential parts at a price 
well within the reach of every school and college. Daylight or artificial light 
diffused by a ground glass plate is reflected at a polarizing angle by a black 
glass mirror to the stage. The stage may be rotated or shifted up and down 
the rod and carries a glass plate and clips for holding the object under examina- 
tion. The object is viewed through a nicol prism analyzer which rotates in a 
collar graduated to 5°, making quantative measurements possible. 


The base of the instrument is hollow and felt lined so that the prepara- 
tions and accessories may be kept with the instrument. A selected set of 
accessories is liste 1 below. A number of others together with our larger Polar- 
iscopes are listed in Bulletin No. 102, which will be mailed on request. 





L 260. Student’s Polariscope..___....................-....--.. ...$30.00 


L 265. Set of seven Accessories, comprising: L 277 Glass Plate for clamp 
L 278 ($1.30), L 278 Pressure Clamp for showing double refraction 
in glass under strain ($1.50), L 279 Rhombohedron of Iceland Spar 
($1.00), L 286 Tourmaline Tongs ($3.50), L 292 Spar Plate cut per- 

ae ad to axis ($6.50), L 295 Sheet of Clear Mica seve 00), L 296a 
esign in Selenite ($8.00), at special price... o ...$20.00 


WE ARE PREPARED TO TAKE ORDERS FOR 
RIPLEY’S YOUNG’S MODULUS APPARATUS 


described in the November, 1922, issue by Prof. G. E, Ripley in his article on 
Hook’s Law. Correspondence invited. 
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enable the pupil or reader to protect his own as well as the healt yf 
community in which he lives. It is written in a very clear and concise 


manner. There are 17 cl! Lyte rs and 151 half tones in dr iwihyg seiee ed 
1 


for their worth in illustrating the tonies discussed. It is a book that shoul 
be in the hands of every person interested in civic matters. It deserves a 
large circulation and doubtless, will have the same ( H.S 

Globe Outline Series P j . rie ding ecent eran nation 7uestions 


By Vv. H Kessel, Vie } rk 4) | wes V+ 122 papel 15x22 l 2 Cen 
Globe Book Company) New Yor City 
This book is a cross between a regular text and a laborato manual 


and the author thinks that it has a place in regular high school work 


The book is fundamentally one created for the purpose of preparing the 
pupil for examinations in physics and it is admirably adapted for this 
kind of work. There are 83 drawings splendidly mad: The ws and 
prineipl S are stated is briefly ind coneisel as possibl Pr piems are 
scattered throughout the book which bear directly upon the subjects 
discussed. There are several sets of examination questions given in the 
appendix and most of the questions have inswers given in the ba of the 
book It is a book that all p ec teachers can we ifford to have on the ir 
table ( n.8 
seventeenti j d hee} } { egie Foundation 0 he 1a é ent 

of Teaching by the Office Pages \ 211, 19x25 Cer Paper 922 

Merrymount Press. Bostor 

Another of a ver ecomy ns I ) he (arneg I indation is 
at hand, and for edu itors who are interested in this foundatior ne vil 
find it a most comprehen ( nd intelligent report 

It tells of the total sum paid b the foundation in retiring the allow 
ances and pensions, giving various institutions that come nder the 
benefits { t und the tot i! LrnOUT t of rn mey th it men iro i t he ‘ nmstit 
tions I ive rece ived T he tota tmount of resources of the toundation are 
given together with the securities that thi own There is a el ipter on 
the study of ‘*Dental eduation”’ which the foundation is undertaking. Also 
one on the study | Training of Teachers Extensive comment if made 
on legal education. This foundation has had no small it enee in increas- 
ing the qualification for admission to the American Bar. The develop- 
ment of the pension plans is discussed and developed to some econsiderabl 
length. C. H. § 
Agriculture for Southern Sel i John F. Duga tlabama Polytech? 

Institute Pages x +369 ( I 15x19 Cen 1925 Ay m n Con 

pany, New York City 

This is a revised edition of most valuable book It is used as a 
text book in many southern schools, even in grammar grades It ised 
very extensively in high scho he present edition embodies many 
of the suggestions which tl] ithor has received concerning the first 
edition, and it is written after t plan of the most approved methods of 
agricuiture education Ther re 240 half-tones and drawings being 
selected for their value in istrating points discussed in the text \t 
the end of n in‘ of the el pte! There are \¥ tal problems be iring ipon tl 
work already discussed The irk devoted to the discussion of bugs 
harmful to plants is ver ( writter nd hel 1 n the « reme¢ 
It is hook that all teachers f oY ulture in the ithern atat hould 
possess 

Major paragraphs all begin with bold-faeed type There are 58 
ters with 5 appendixes It ld have a wide rculation 
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